



ZOLTÁN M. JAKAB–BALÁZS VILÁGI
An estimated DSGE model 
of the Hungarian economyAn estimated DSGE model 
of the Hungarian economy
December 2008Published by the Magyar Nemzeti Bank 
Szabadság tér 8–9, H–1850 Budapest 
http://www.mnb.hu
ISSN 1585 5600 (online)
The MNB Working Paper series includes studies that are aimed to be of interest to the academic community, as well as
researchers in central banks and elsewhere. Starting from 9/2005, articles undergo a refereeing process, and their 
publication is supervised by an editorial board.
The purpose of publishing the Working Paper series is to stimulate comments and suggestions to the work prepared
within the Magyar Nemzeti Bank. Citations should refer to a Magyar Nemzeti Bank Working Paper. The views
expressed are those of the authors and do not necessarily reflect the official view of the Bank.
MNB Working Papers 2008/9
An estimated DSGE model of the Hungarian economy
(A magyar gazdaság egy becsült, sztochasztikus, dinamikus általános egyensúlyi modellje)
Written by: Zoltán M. Jakab–Balázs Világi*
* The views expressed here are those of the authors and do not necessarily reflect the official views of the Magyar Nemzeti Bank.
Zoltán M. Jakab is Principal economist, Balázs Világi is Senior Researcher at Economics and Research department of the
Magyar Nemzeti Bank. We thank the precious assistance in programming, model simulations of Ms. Katalin Szilágyi and
Henrik Kucsera. We thank the fruitfull comments by Kai Christoffel, Ágnes Csermely, István Kónya, János Vincze, Jan Vlcek,
BalázsVonnák. 
E-mail: jakabz@mnb.hu, vilagib@mnb.hu.MNB WORKING PAPERS • 2008/9 3
Abstract 5
1  Introduction  6
2  The model  8
2.1  Production  8
2.2  Households  13
2.3  Exports demand  16
2.4  Government  16
2.5  Current account  17
2.6  The interest rate and the exchange rate  17
2.7  Equilibrium conditions  18
2.8  Perceived underlying inflation rate  18
2.9  Log-linearized model  18
3  Bayesian Estimation  19
3.1  Fixed parameters  19
3.2  Specifying prior distributions  20
3.3  Estimation results  21
4  Analysis of structural shocks and perceived underlying inflation 24
5  Impulse response analysis  30
5.1  Comparison with other estimated models of the Hungarian economy  31
6  Variance decomposition 39
7  An alternative model without real time adaptive learning  44
7.1 A comparative impulse response analysis  46
7.2 Variance decomposition in the alternative model  51
8  Conclusions 55
Appendices  59
A   The model  59
A.1  Production  59
A.2  Optimizing households  63
A.3  Wage setting  66A.4  Log-linearized model  67
A.5  Perceived underlying inflation rate  67
A.6  Aggregate demand  67
A.7  Aggregate supply  68
A.8  Current account  70
A.9  The interest rate and the exchange rate  70
A.10  Complementary employment equation  71
A.11  The steady state  71
A.12  Construction of the Kalman filter  73
B  Data  75
C  Metropolis-Hastings Monte Carlo graphs  76
MAGYAR NEMZETI BANK
MNB WORKING PAPERS • 2008/4 4Abstract
This paper presents and estimates a dynamic stochastic general equilibrium (DSGE) small-open-economy
modelfortheHungarianeconomy. Themodelfeaturesdifferenttypesoffrictions, realandnominalrigidities
which are necessary to replicate the empirical persistence of Hungarian data.
Bayesian methods are applied, and the structural break due to changing monetary regime over the studied
period is explicitly taken into account in the estimation procedure. A real-time adaptive learning mechanism
describes agents’ perception on underlying inﬂation. This creates an additional inertia in inﬂation.
We describe the properties of the estimated model by impulse-response analysis, variance decomposition
and the analysis of identiﬁed structural shocks. Our results are compared with that of estimated euro-area
DSGE models, and estimated non-DSGE models of the Hungarian economy. As a robustness check, a model
without real time adaptive learning is also estimated and it’s results are also compared to those of the original
model.
JEL Classiﬁcation: E40, E50.
Keywords: New Keynesian models, DSGE models, small open economy, Bayesian econometrics.
Összefoglalás
Tanulmányunkban egy a magyar, kis és nyitott gazdaságot leíró dinamikus, sztochasztikus általános egyensú-
lyi(DSGE)modelltmutatunkbe. Amodellbeolyanreál-ésnominálisragadósságokatépítettünkbe,amelyek
szükségesek a magyar adatokban meglév˝ o perzisztenciák megfelel˝ o leírásához.
A modell Bayes-i becslése során ﬁgyelembe vettük a monetáris rezsim 2001-ben történt megváltozása miatti
strukturális törést. A gazdasági szerepl˝ ok által ”érzékelt” alapinﬂációt egy adaptív tanulási folyamat írja le,
ami az inﬂáció inerciáját tovább növeli.
A modell dinamikus tulajdonságait az impulzus válasz függvények, a variancia dekompozíció és a struktu-
rális sokkok elemzésével szemléltetjük. Eredményeinket az eurózónára becsült DSGE modellekkel illetve a
magyar gazdaságot leíró nem-DSGE modellekkel is összevetjük. Ezen túlmen˝ oen, az eredmények robusztus-
ságát egy tanulási folyamatot nem tartalmazó modell becslésének segítségével ellen˝ orizzük.
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This paper presents and estimates a two-sector dynamic stochastic general equilibrium (DSGE) small-open-
economy model for the Hungarian economy. The two sectors produce domestic and exported ﬁnal goods.
Following Christiano et al. (2005) and Smets & Wouters (2003), our model features different types of fric-
tions, real and nominal rigidities which are necessary to replicate the empirical persistence of Hungarian
data. The model incorporates external habit formation in consumption, Calvo-type price and wage rigidity
complemented with indexation to past prices and wages, adjustment costs of investments, adjustment cost
of capital, labor and import utilization and ﬁxed cost in production. The model also contains liquidity-
constrained rule-of-thumb consumers introduced by Galí et al. (2007). We follow the approach of McCallum
& Nelson (2001) which considers imports as production input.
In the past years a disinﬂation process occured in Hungary. In such an environment one cannot disregard
how inﬂationary expectations were formed. Thus, as a special feature we incorporated an inertia in agents’
perception on underlying inﬂation. It is assumed that price and wage setters index their prices to lagged
cyclical component of inﬂation. Moreover, all agents always use an indexation to a measure of past inﬂation.
This measure of past inﬂation is, in contrast to other models with inﬂation ineria, not observed aggregate
inﬂation, but a measure of their inﬂationary perception. We describe the evolution of this perception of
underlying inﬂation rate by a real-time adaptive-learning algorithm.
As now becomes standard, the model is estimated by Bayesian method described in An & Schorfheide (2005).
The method based on maximization of the likelihood function, derived from the rational-expectations solu-
tion by the Kalman-ﬁlter, combined with prior distributions. To characterize the posterior density function
of the estimted parameters the random-walk Metropolis-Hastings (MH) algorithm is applied.
There were two different monetary regimes in Hungary over the estimation sample: between 1995 and 2001
a crawling-peg regime, and since 2001 an inﬂation-targeting regime. This structural break is explicitly taken
into account in the estimation procedure: we formulate two slightly different models for the two subperiods.
The main results are the following. The estimated values of the Calvo parameters for consumer price set-
ting are close to the ones usually estimated for euro-zone. On the other hand, the Calvo coefﬁcients for
wage setting are generally estimated lower than euro-area estimates. Unlike Calvo coefﬁcients, the monetary
regime shift is mostly felt in the indexation of consumer prices as it is estimated to be signiﬁcantly lower in
the inﬂation targeting regime.In contrast, wage indexation parameters are estimated to be stable across the
two regimes and generally lower than in the eurozone. Adjustment cost of investment is found to be high
compared to other DSGE models.
The estimated value of the interest-rate smoothing parameter is signiﬁcantly lower than various euro-area
and US estimates. It is important to note that this result is not driven by the choice of the accompanying
prior distribution. A relatively uninformative Uniform prior is imposed on this parameter.
Estimated impulse-response functions replicate qualitatively the behavior of other New Keynesian models
quite well. The main difference is that investments react much less to most shocks than it is common in
similar models. The model features a hump-shaped effect on both output and inﬂation to a monetary tight-
ening. A positive productivity shock results in increasing output and production, but decreasing inﬂation
and employment as documented in Galí (1999). The response of cyclical inﬂation and wages are less per-
sistent than those adjusted for agents’ perception on underlying inﬂation (the response of original price and
wage inﬂation).
Thecrowding-outeffectofagovernment-consumptionshockisalsoobservable, however, duetothepresence
of rule-of-thumb consumers the estimated model is able to replicate the co-movement of government and
private consumption. It is important to note, that in general short term reactions are highly affected by the
presence of non-optimizing consumers. The relatively high adjustment cost of investment implies a generally
smoother reaction of investments to shocks.
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We compared our estimated impulse responses to an interest-rate shock with that of other estimated non-
DSGE models of Hungarian economy, presented in Jakab et al. (2006). The models are quite similar in
replicating the short run adjustment of the real exchange rate. On the other hand, consumer prices are found
to be less responsive in the longer run than in other models. On the other hand, the reaction of consumption,
investments and net exports is different in our DSGE model than in the others. This results is due to the
different structure of the models.
Variance decomposition reveals that both cyclical and permanent (’perceived underlying’) component of in-
ﬂation can be explained by productivity, investment, consumer preference and markup shocks. That is,
the endogenous learning process in this DSGE model was able to capture longer term inﬂation movements
without introducing an additional exogenous shock.
To show this, an alternative model without endogenous real time adaptive learning of ’underlying inﬂation’
is also estimated. We conclude that the inclusion of adaptive learning is not really responsible for creating
an ’intrinsic’ inertia in inﬂation. However, according to variance decomposition long-term movements of
inﬂation are mostly captured by the shock to ’underlying’ inﬂation’. This reveals that the approach of the
baseline model was necessary to explain long term disinﬂation in Hungary.
In the long run real variables are heavily inﬂuenced by both the external demand and the productivity shock.
These shocks are the prime source of output ﬂuctuation in a small, open economy like Hungary. Real effect
of the ﬁnancial premium and the monetary-policy shock is found negligible, which is in sharp contrast with
the ﬁnding of Smets & Wouters (2003). This ﬁnding is, however, in accordance with Vonnák (2007) and
Jakab et al. (2006) that monetary policy has a rather limited effect on output in Hungary.
This model may serve as a basis for policy simulations at the central bank of Hungary (Magyar Nemzeti
Bank). Natural directions would be the reﬁnement of labor market (by inserting search and marching fric-
tions as in Jakab & Kónya (2007)) or the research on optimal monetary policy rules in a more detailed
manner.
The paper is structured as follows. Section 2 presents the estimated DSGE model. Section 3 describes the
applied estimation method, and presents estimation results. In Section 4 the evolution of shocks is described.
In Section 5 and 6 we analyze impulse responses and forecast error variance decomposition of the model. In
Section 7 we present results from an alternative model where the real time adaptive learning mechanism on
the underlying inﬂation was switched off. Section 8 concludes.
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Our model is a simple open-economy extension of the DSGE model presented in Smets & Wouters (2003).
To open their model it assumed that beyond labor and a capital an additional imported input is needed for
domestic production. On the other hand, some part of domestic production is exported.
A further complication in our model, missing from that of Smets & Wouters (2003), is the presence of non-
Ricardian rule-of-thumb consumers, as in Galí et al. (2007), in order to replicate the empirical co-movement
of private and government consumption. There are two types of rule-of-thumb consumers in the model. The
ﬁrst type spends her entire labor income for consumption. However, since labor hours are relatively volatile
it induce two much consumption ﬂuctuation. To mitigate the volatility of aggregate consumption input
adjustments cost is introduced. Furthermore, the income of the second type of rule-of-thumb consumer,
representing pensioners, is independent of labor-hour movements, which decreases further consumption
volatility. The assumption of input adjustment cost also helps to replicate the empirical behavior of imports.
To simplify wage setting mechanism in the model it is assumed that both Ricardian and active rule-of-thumb
consumers belong to unions, which set wages such a way that maximizes the weighted average of welfare
functions of the two different types.
Domestic and exported ﬁnal goods are produced in two different sectors. The structure of the sectors are
identical, however the input requirement of production in the exports sector is higher. This assumption is
necessary two reproduce the empirical co-movement of exports and imports. Price formation mechanisms
are similar in both sectors, they are captured by the sticky-price model of Calvo, however the exporters set
their prices in foreign currency.
2.1 PRODUCTION
Production has a hierarchical structure: at the ﬁrst stage labor and imported inputs are transformed into an
intermediate input in a perfectly competitive industry. At the second stage the intermediate input and capital
are used to produce differentiated goods in a monopolistically competitive industry. Finally, a homogenous
ﬁnal good is produced by the differentiated goods in a perfectly competitive environment. There two sectors
in the economy: a domestic production sector and exports sector, labeled by d and x, respectively.
Final good ys
t in sector s (s = d,x) is produced in a competitive market by a constant-returns-to-scale technol-
ogy from a continuum of differentiated intermediate goods ys
t(i), i ∈ [0,1]. The technology is represented
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2.1.1 Cost minimization
The continuum of goods ys
t(i) is produced in a monopolistically competitive market. Each ys
t(i) is made by


















− ¯ fs, (4)
where ¯ ks
t(i) is the ﬁrm’s effective utilization of physical capital, ¯ ks
t(i) = utks
t(i), where ut is the degree
of capital utilization explained in detail in the next section, ks




exogenousproductivityfactorand ¯ fs isuniformrealﬁxedcostoftheindustry. Theparameter0 < %measures
the elasticity of substitution between ¯ ks
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and imported inputs,

















t is the rental rate of capital and W zs
t is the price of zs
t. Solution of cost minimization also provides
demand for inputs, represented by
¯ ks
































t = MC s












Aggregating individual demand functions and using equation (3) result in
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where l s
t is labor and ms
t is the imported input good ms















, φz > 0.
Properties of this function are Φ0
zs > 0, Φzs (zs) = Φ0
zs (zs) = 0. zs is the steady state level of the composite
input. The price of composite input W zs
t is equal to the marginal cost of its production. In Appendix A.1 it


























where Wt is the nominal wage, P m∗
t is the foreign-currency price of imported inputs and et is the nominal
exchange rate. Furthermore, demand for production inputs are given by the following equations,
l s













































and wt =Wt/Pt is the real wage, qt = et/Pt is the domestic component of the real exchange rate.
2.1.2 Price setting
Let us consider how ﬁrms in the domestic production sector set their prices. To simplify notation we drop
index d of the sectoral price index. It is assumed that prices are sticky: as in the model of Calvo (1983), each
intermediate good producer at a given date changes its price in a rational, optimizing, forward-looking way
with a constant probability of 1−γd. Those ﬁrms which do not optimize at the given date follow a rule of
thumb. Rule of thumb price setters increase their prices by the expected underlying rate of inﬂation, as in
Yun (1996), and to some extent by the difference between the past actual and perceived underlying inﬂation









where Πt−1 = Pt−1/Pt−2, ¯ Πt is the perceived underlying inﬂation ϑd measures the degree of indexation
according to past inﬂation. The above formula implies if a given ﬁrm does not optimize between t +1 and
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where the second equation is a consequence of formulas (3) and (12). If ﬁrm i sets its price optimally at date











where DT,t is the stochastic discount factor,






t is the marginal utility of consumption of optimizing consumers, who owns the ﬁrms. It is explained
in detail in the next section.
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Equation (13) implies that all ﬁrms choose the same Pt(i). Let us denote this uniform price by P?
t . Deﬁne
Pt = P?
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In export sector price setting is similar to that of domestic production sector, however prices are set in foreign
currency That is, ﬁrms set P x∗
t = P x
t /et, where et is the nominal exchange rate.
The price indexation scheme of the sector is
P x∗


















t = P x∗
t /P x∗
t−1, ¯ Πx∗
t is the perceived underlying inﬂation, ϑx represents the degree of indexation accord-
ing to past inﬂation.
If P x∗
t (i) is the chosen price of a ﬁrm at date t, then its proﬁt will be at date T
V x
T (P x∗

























































































As in the previous case, all ﬁrms chooses the same P x∗
t (i)/P x∗
t . Its common value is denoted by P x
t . In
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2.2 HOUSEHOLDS
2.2.1 Optimizing households
The domestic economy is populated by a continuum of inﬁnitely-lived households. Fraction ¯ ωo of house-
holdschoosetheirconsumptionstreaminthestandardrationaloptimizingmanner. Theseoptimizinghouse-
holds have labor and capital income and they own domestic ﬁrms. The expected utility function of optimiz-













for all j ∈ [0,1]. Ho
t (j) = co
t (j)− hco
t−1, where co
t (j) denotes the consumption of household j at date t, co
t−1
is aggregate consumption of optimizers at date t −1, parameter h ∈ [0,1] measures the strength of external
habit formation, lt(j) is the labor supply of household j, ηc
t and ηl
t are preference shocks. Furthermore,
u(H) = H1−σ/(1−σ), and v(l) = l1+ϕ/(1+ϕ), σ, ϕ > 0.







t (j)+Wt(j)lt(j)+Pt r k
t ut(j)kt(j)−Ψ(ut(j))Ptkt(j)+Divt −T o
t ,
where Pt is the consumer price index, Bt(j) is the household’s holding of riskless nominal bonds at the
beginningoftime t, it isthecorrespondingone-periodnominalinterestrate, Divt denotesdividendsderived
form ﬁrms. It is assumed that dividends are equally distributed among ﬁrms. kt(j) is the stock of physical
capitalsuppliedbythehousehold, ut(j)istheutilizationrateofcapital(¯ kt = utkt). T o
t denotesthelump-sum















This implies that at the steady state (u = 1) Ψ(1) = 0, Ψ0k, and ψ = Ψ0(1)/Ψ00(1). It(j) denotes investments
in physical capital. Wt(j) is the nominal wage paid to household j. Households supply differentiated labor,
hence the wage paid to individual households can be different. On the other hand, X w
t is a state-contingent
security which eliminates the risk of heterogeneous labor supply and labor income. Physical capital accumu-










where function ΦI represents investments adjustment costs, and ηI
















, φI > 0.
This implies that Φ0
I > 0, and in the steady state Φ0
I(1) = Φ0
I(1) = 0.
An optimizing household chooses the trajectory of its consumption, bond-holding, investments, physical
capital and capital utilization. It is assumed that a certain household supplying type j of labor belongs to
a trade-union representing the interest of optimizing and non-optimizing households supplying type j of
labor. The union determines the labor supply and the nominal wage of its members, all members accept its
decision.
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The formal optimization problem of the households is the following: they maximize the objective func-
tion (23) subject to the budget constraint (24), the investments equation (25), non-negativity constraints on
consumption and investments, and no-Ponzi schemes. The characterization of the solution of the above
optimization problem can be found in Appendix A.2.
Due to the existence of asset X w
t the wage incomes of all households are the same. As a consequence, all
householdschoosethesameconsumptionallocation. We, therefore, dropindex j fromsubsequentnotations.































































Finally, the following condition describes the choice of capital utilization.
r k
t = Ψ0(ut(j)). (30)
2.2.2 Non-optimizing households
Fraction ¯ ωno of households are liquidity constrained. Their consumption follows a simple rule of thumb.
Ptcno
t (j) = X w
t (j)+Wt(j)lt(j).
Due to the existence of asset X w
t their wage income and consumption are uniform. As a consequence,
Ptcno
t =Wtlt. (31)
Fraction ¯ ωp of households are pensioners. We assume that they also consume their total income adjusted by
the “Swiss indexation formula”. That is, it is assumed that their consumption proportional to the average of
price and wage level,
Ptc
p






where c p and w are the steady-state values of pensioners’ consumption and real wages, respectively.
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2.2.3 Wage setting
There is monopolistic competition in the labor market, different types of labor are supplied by households.
Wages is set by which representing the interest of households active on the labor market, that is, that of
optimizers and non-optimizers. Union j sets Wt(j), the nominal wage level belonging to type j of labor.










where θw > 1 is elasticity of substitution between different types of labor. This implies that the demand for















It is assumed that there is sticky wage setting in the model, as in the paper of Erceg et al. (2000). Similarly to
Calvo (1983), every union at a given date changes its wage in a rational, optimizing forward-looking manner
with probability 1−γw. All those unions, which do not optimize at the given date follow a rule of thumb
similar to that of producers. Using the notation introduced in the previous subsection, the price setting
















t =Wt/Wt−1, ϑw represents the degree of indexation according to past inﬂation.
If a union chooses it wage optimally at date t it has to take into account that it will follow the rule of thumb
at t +1 with a probability of γw, at t +2 with γ2
w, and so on. Hence it has to weight the objective function
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The ﬁrst-order conditions of this problem with respect to the two types of consumption and the nominal
wages are the following.
λo





































































T . It is
showninAppendixA.3thattheaboveﬁrst-orderconditionsimplythataggregatewagesettingcanbedescribes














































































where xt denotes exports, P x∗
t is the price index of exported goods denominated in foreign currency, variable
x∗
t is an exogenous shock 0 ≤ hx ≤ 1, 0 < θx.
2.4 GOVERNMENT
Pt gt + ¯ ωpPtc
p
t = ¯ ωoT o
t . (41)
Pt gt = T no
t . (42)
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2.5 CURRENT ACCOUNT
The evolution of net foreign assets (measured in foreign currency) is given by
bt = P x∗
t xt −P m∗
t mt +(1+i∗
t−1)bt−1. (43)
2.6 THE INTEREST RATE AND THE EXCHANGE RATE
As mentioned before, there were two different monetary regimes in Hungary. Untill 2001, monetary policy
followed an exchange rate targeting regime (with some small tolerance band). The central bank preannonced
a rate of depreciation and allowed some (±2.25 per cent) deviation from this preannonced exchange rate path.
In 2001, the interventioned band was widened to ±15 per cent and the preannonced rate of depreciation was
ﬁxed to zero. In this relatively wide band, the nominal exchange rate ﬂuctuated signiﬁcantly, and the central
bank started to operate in an inﬂation targeting regime. In 2008. the intervention band was abandoned.
Inordertomodelmonetarypolicy, wedescribeitbytworeactionfunctions:onewhichfocusesonstabilizing
the nominal exchange rate around the preannonced (exogenous) exchange rate path and one in which it
follows a simple Taylor-type rule.
We assume that in the crawling-peg regime the main focus of monetary policy is determination of the rate
of crawl. Hence the behavior of cyclical part of the nominal interest rate is captured by the following simple
equation.
it = ζ cr
e (et −d¯ et)+d¯ et + ˜ "r
t , (44)
where et denotes nominal exchange rate, d¯ et is the exogenously given deterministic part of depreciation, ¯ "r
t
is an exogenous stochastic shock, and ζ cr
e > 0 ensures that deviations of exchange rate from its deterministic
component (the one determined by the rate of crawl) is stationary. Since the presence of ζ cr
e is due to this
technical requirement its magnitude is set to be negligible.
In the inﬂation-targeting regime the behavior of the monetary authority is captured by the following interest-
rate rule:
it −(r k −δ) = ςi(it−1 −(r k −δ))+(1−ςi)(ςπ(ˆ πt −d ¯ qt)+ζ it
e (et −1))+ ˜ "r
t .
Recall that −d ¯ qt = ¯ πt in the inﬂation targeting regime. Again, the only role of ζ it
e > 0 is to ensure the
stationarity of et. Note that ˆ πt −d ¯ qt equals to the demeaned inﬂation and the steady state level of nominal
exchange rate is 1.











Where stationary of bt is achived by (following Schmitt-Grohe & Uribe (2002)) the assumption that the
relevantforeigninterestrate(i∗
t )dependsonanet-foreignassetdeterminedpremium,onanexogenousforeign




= exp(−ν(bt − b))(1+ ˜ "
pr
t ) (46)
The deviation of real exchange rate from its steady state is determined by the following identity.
˜ qt − ˜ qt−1 = dˆ et − ˆ πt +d ¯ qt. (47)
Finally, equation (72) of the Appendix implies the following law of motion for d ¯ qt = d¯ et − ¯ πt,
d ¯ qt =
ρπ − g
1− g
d ¯ qt−1 −
g
1− g
ˆ πt + ˜ χt, (48)
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where




is an exogenous shock.
2.7 EQUILIBRIUM CONDITIONS
This section discusses the equilibrium conditions and aggregation issues.
The goods market equilibrium conditions are
yd
t = ct +It + gt +Ψ(ut)kd
t , (49)
yx
t = xt +Ψ(ut)kx
t . (50)
where gt is real government consumption determined by an exogenous shock.
Equilibrium conditions of the input markets are
lt = ld
t + l x
t , mt = md
t + mx
t , kt = kd
t +kx
t . (51)
2.8 PERCEIVED UNDERLYING INFLATION RATE
Agents apply a real-time adaptive algorithm to determine the underlying inﬂation rate,
¯ πt = ρπ ¯ πt−1 + g
 
πt − ¯ πt−1

,
whereπt = e Pt−e Pt−1 istheobservedactual, ¯ πt = e ¯ Πt istheperceivedunderlying inﬂationrateand0 < ρπ < 1.
The gain parameter 0 < g < 1 inﬂuences the speed of learning. If one deﬁnes the cyclical component of









We ﬁrst log-linearize the model around the steady state. The log-linearized model is described in Appendix
A.2. The behavior of the crawling-peg regime is captured by a 23-equation system of formulas (73)–(92) and
(94)–(96). It determines the trajectories of 23 endogenous variables, namely, ˆ πt, ˆ πx∗
t , ˆ πw
t , ˜ yd
t , ˜ yx
t , ˜ ct, ˜ co




t , e wt, ˜ xt, e mt, ˜ lt, ˜ nt, ˜ kt, ˜ It, ˜ qt, d ¯ qt, ˆ et, ˆ ıt, ˜ bt, e Qt, and ˜ r k
t . The system is driven by 15 exogenous shocks, ˜ gt,
e P m∗
t , ˜ χt, ˜ x∗
t , e At, ˜ υd
t , ˜ υw
t , ˜ υx
t , ˜ "c
t, ˜ "k
t , ˜ "r
t , ˜ "
pr
t , ˜ "n
t , ˜ "I
t and ˜ "
Q
t .
The inﬂation-targeting regime is described by equations (73)–(91) and (93)–(96). This set of equations deter-
mines the same 23 endogenous variables. The system is driven by the same 15 shocks as previously.
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In order to estimate the parameters of the DSGE model presented in Section 2 we used quarterly Hungarian
data of thirteen macroeconomic variables: real consumption, real investments, real exports, real imports,
real government consumption, real wages, employment, capital stock, CPI inﬂation rate, nominal interest
rate, import and export prices denominated in foreign currency and the preannounced rate of the nominal-
exchange-rate crawl. Estimation is based on the database of the Quarterly Projection Model of the Magyar
Nemzeti Bank (data set presented in Benk et al. (2006)). This covers the period of 1995:2-2007:2. Detailed
description of the data and the applied data transformations can be found in Appendix B.
To estimate the model, we apply a likelihood-based Bayesian method described in An & Schorfheide (2005).
The ﬁrst step is to construct the likelihood function. This needs the reduced form rational-expectations
solution. Then one has to write the model in its state-space form, and formulate the Kalman ﬁlter for
calculating the likelihood function. The construction of the Kalman ﬁlter is described in detail in Appendix
A.12. In the next step, the likelihood function is combined with prior distributions in order to derive the
posterior density function of parameters. Then one has to ﬁnd numerically the mode of the posterior density
function. Finally, the random-walk Metropolis-Hastings (MH) algorithm is used to generate the posterior
distribution. The applied MH algorithm is based on 500,000 draws (2 parallel chains of 250,000 draws
discarding the initial burn-in period of 50,000 iterations). To monitor the convergence of the MH algorithm
we applied the method of Brooks & Gelman (1998).1 In order to compare different model versions, the
marginal likelihoods of models are calculated by the modiﬁed harmonic mean algorithm of Geweke (1998).
In the studied time period there is one obvious structural break: in 2001 the crawling-peg regime was aban-
doned and inﬂation targeting was introduced. To capture this change in monetary policy practice we esti-
mated different policy rules in the two subperiods, as was discussed in the previous section. Our estimation
procedure also allowed some other parameters to change between the two regimes. Namely, price setting
parameters and parameters of the ﬁnancial premium shock and the labor market shock are time varying.2
3.1 FIXED PARAMETERS
Some parameters are not estimated but kept ﬁxed from the start of the procedure (see Table 1). This can be
viewed as a very strict prior.
First, we estimate the standard-deviation and autoregressive parameters of exogenous shock with observable
time series, (namely, the government-spending ˜ gt, the measurement error of capital accumulation ˜ "k
t and the
import-price e P m∗
t shocks) by single-equation OLS. Then we use these results to ﬁx those parameters in the
estimation procedure of the full system.
Second, the time series of the deterministic part of depreciation d¯ et can be constructed. Using the con-
structed time series we also estimate the standard-deviation and autoregressive parameters of this shock by
OLS.
Third, someotherparameterscanbedirectlyrelatedtothesteady-statevaluesofendogenousvariables. These
are the production function parameters, the subjective discount rate of households, depreciation rate and the
elasticity-of-substitution between varieties of differentiated goods and that of differentiated labor.
Fourth, there were parameters we were not able to identify. Concretely, our algorithm of searching the mode
of the posterior density function failed if these parameters were not ﬁxed. To identify these parameters we
1 For the numerical implementation of the estimation procedure we developed our own MATLAB code. Reduced form RE solutions were calculated by
the MATLAB routine of Uhlig (1999). For ﬁnding the mode of a posterior distribution, we used the algorithm and code of Kuntsevich & Kappel (1997).
2 There is a vast literature that the rigidity of prices and wages depends on monetary-policy regimes, see, e.g., Taylor (2000)).





standard error of gov’t. consumption σg 4.72
standard error of import prices σpm∗ 2.19
standard error of χt σχ 0.12
standard error of capital measurement error σk 0.15
autoreg. coeff. of gov’t. consumption ρg 0.46
autoreg. coeff. of import prices ρpm∗ 0.74
autoreg. coeff. of χt ρχ 0.53
autoreg. coeff of capital measurement error ρk 0.60
autoreg. coeff of perceived underlying inﬂation ρ¯ π 0.99
discount factor β 0.99
steady-state share of capital in real marginal costs, domestic αd 0.17
steady-state share of capital in real marginal costs, export αd 0.14
steady-state share of labor in wz
t ,domestic ad 0.50
steady-state share of labor in wz
t , export ax 0.36
depreciation rate δ 0.025
elasticity of subt. of goods θ 6.00
elasticity of subt. of labor θw 3.00
fraction of optimizing households’s consumption 1−ωno 0.75
fraction of pensioners’ consumption to total non-optimizer consumption ωp/ωno 0.35
disutility parameter of labour ϕ 8.00
Calvo parameter of employment γn 0.70
elasticity of subt. between capital and z % 0.80
elasticity of subt. between labor and import %z 0.50
ratio of ﬁxed cost relative to total output ¯ fd,
¯ fx 0.20
capacity utilization adj. cost ψ 0.20
investments adjustment cost Φ00 13.00
labour-import utilization adjustment cost Φ00
z 3.00
exchange rate elasticity of the policy rule ζ cr
e 0.001
exchange rate elasticity of the policy rule ζ it
e 0.025
debt elasticity of ﬁnancial premium ν 0.001
chose such values common in the business cycle literature. The exception is the adjustment-cost parame-
ters of investments Φ00 and that of the import-labour boundle.Φ00
z. We picked several values of them, and
compared the accompanying marginal likelihoods of the estimated model version. We chose the parameter
value with the highest marginal likelihoods (although we have not found large differences between the dif-
ferent versions). Finally, we arrived at a relatively costly adjustment of capital (Φ00 = 13) and more moderate
adjustment cost for the labor-import boundle (Φ00
z = 3) 3
Finally, we ﬁxed ζ cr
e , ζ it
e and ν. These are technical parameters. There only role is to assure stationarity of
the model.
3.2 SPECIFYING PRIOR DISTRIBUTIONS
Prior distributions for parameters of non-observed exogenous shocks are displayed in Table 2. All the stan-
dard deviations of the shocks are assumed to be distributed as an inverted Gamma distribution with a degree
of freedom equal to 2. This distribution guarantees a positive standard deviation with a rather large domain.
3 The share of non-optimizing households (1 − ¯ ωno) was set to be 0.25, based on some survey evidence stating that 25 per cent of Hungarian
households do not have connections with the banking sector. The share of pensioners among non-optimizers (ωp) was determined by a regression
such that income of pensioners equals to half of real wage according to the ’Swiss-index-formula’ determining real pensions in Hungary. The production
function parameters % and %z were calibrated, in such a way that imports and labor are complements and capital and the import-labor bundle has an
elasticity of transformation of 0.8.
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Prior distributions of autoregressive parameters are assumed to follow Beta distributions with mean of 0.8
and standard error of 0.1.
Prior distributions for the rest of estimated parameters are shown in Table 3. Calvo parameters of consumer
and export price setting and that of nominal wages were set to be equal for both regimes with a relatively
uninformative prior, a Beta distribution with mean of 0.5 and standard error of 0.2. Similarily, indexation
parameters (ϑp,ϑx and ϑw) also received a not very tight prior of Beta with standard deviation of 0.2 and
mean of 0.6.
The choice of prior for the parameter of interest rate smoothing ζi is different to the literature. We imposed
a relatively uninformative Uniform prior distribution on it. Our prior for the learning gain (g) parameter
was relatively tight, a Beta distribution with mean of one-sixth and standard error of 0.03. We chose a mean
value for parameter σ higher than that of Smets & Wouters (2003) due to some stylized evidence on low
real-interest-rate elasticity of consumption in Hungary.
Prior distributions for the rest of the parameters were chosen similarly to Smets & Wouters (2003).
3.3 ESTIMATION RESULTS
As was mentioned, we estimated different values for some parameters in the crawling-peg and the inﬂation-
targeting periods, namely for the standard-deviation and autoregressive parameters of shocks ˜ υw
t and ˜ "
pr
t ,
and the Calvo and indexation parameters, (γp, γx, γw, ϑp, ϑx and ϑw). Their different values are denoted
by superscripts cr and it, respectively. Recall, that σde belongs to the nominal-exchange rate shock of the
crawling-peg regime, and σr, ζi, and ζπ belong to the the policy-rule equation of the inﬂation-targeting
period. Estimation results are summarized in Tables 2 and 3.
None of the estimated values of the Calvo parameters are very different in the two monetary policy regimes.
This seems surprising at the ﬁrst glance as one would assume a change in these key parameters of Phillips
curves. As shown later, the regime change rather had an effect on the indexation behavior. The Calvo-
parameters of domestic prices are close to that of euro-area estimates, see, e.g., Smets & Wouters (2003) and
the new area wide model of the ECB, described in Christoffel et al. (2007). Export prices are estimated to be
less sticky than consumer prices. This conforms to our intuition that exporters in Hungary mostly produce
intermediate goods with probably less relevant price stickiness. There is a signiﬁcant difference with respect
to the Calvo parameters of wages: in Hungary nominal wages are estimated to be less sticky than in the
eurozone. In addition, we estimate wages as the more ﬂexible than either consumer or export prices.
Unlike Calvo coefﬁcients, the monetary regime shift is mostly felt in the indexation properties in pricing
(indexation of consumer prices dropped in the second regime). This migh indicate that the crawling-peg
regime served as a natural way for indexation-mechanisms. Indexation parameter of consumer prices in the
inﬂation targeting regime is lower than that of Christoffel et al. (2007), but comparable to that in Smets
& Wouters (2003). That is, their no consensus on the issue of price indexation in the literature. As far
as nominal wage indexation is concerned, it is much lower than in NAWM and in SW in both monetary
regimes.
However, it is important to note that one should be cautious to interpret our results of price and wage
indexation. Indexation formulas reveal that in this both prices and wages are fully indexed to the perceived
long-run component of inﬂation. Besides that, the parameters ϑp and ϑw represent the degree of additional
indexation to the cyclical components of past price and wage inﬂation rates.
The mean speed of learning the underlying inﬂation (g) is estimated to be higher than our prior mean. In
estimated US and euro-area models the value of the interest-rate-smoothing parameter ζi is quite high.4 On
the other hand, we found a relatively low value for this parameter, it is around 0.75. It is important to note
that our result also contrasts with previous Hungarian estimates. For example, Hidi (2006) in his estimated
4 See CEE, SW, NAWM,. Flat prior Rabanal & Rubio-Ramirez (2005), Világi (2007)
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Table 2
Estimated parameters of exogenous shocks
Prior distribution Estimated posterior
Type Mean Stand. err. Mode Mean 90% prob. int.
Standard errors
productivity σA I.Gam. 0.5 2* 2.080 2.152 [1.82, 2.55]
export demand σx I.Gam. 0.5 2* 2.352 2.464 [2.06, 2.95]
cons. pref. σc I.Gam. 0.5 2* 0.146 0.203 [0.11, 0.33]
cons. price markup σp I.Gam. 0.5 2* 0.397 0.420 [0.34, 0.52]
export price markup σpx I.Gam. 0.5 2* 1.873 2.182 [1.64, 2.87]
labor market σcr
w I.Gam. 0.5 2* 0.824 0.922 [0.65, 1.26]
labor market σit
w I.Gam. 0.5 2* 0.609 0.932 [0.54, 1.42]
investments σI I.Gam. 0.5 2* 0.969 1.003 [0.76, 1.27]
Equity premium σQ I.Gam. 0.5 2* 0.167 0.393 [0.11, 0.99]
policy rule σcr
r I.Gam. 0.5 2* 0.574 0.602 [0.48, 0.76]
policy rule σit
r I.Gam. 0.5 2* 0.229 0.247 [0.19, 0.32]
ﬁn. premium σcr
pr I.Gam. 0.5 2* 0.221 0.372 [0.17, 0.67]
ﬁn. premium σit
pr I.Gam. 0.5 2* 0.486 0.666 [0.36, 1.06]
employment σn I.Gam. 0.5 2* 0.369 0.383 [0.30, 0.49]
Autoregressive coefﬁcients
productivity ρA Beta 0.8 0.1 0.577 0.552 [0.43, 0.68]
export demand ρx Beta 0.8 0.1 0.616 0.625 [0.51, 0.73]
cons. pref. ρc Beta 0.8 0.1 0.833 0.767 [0.60, 0.88]
labor market ρcr
w Beta 0.8 0.1 0.486 0.480 [0.32, 0.64]
labor market ρit
w Beta 0.8 0.1 0.797 0.661 [0.43, 0.87]
export markup ρx Beta 0.5 0.15 0.317 0.318 [0.15, 0.50]
investments ρI Beta 0.8 0.1 0.497 0.488 [0.33, 0.65]
ﬁn. premium ρcr
pr Beta 0.8 0.1 0.899 0.833 [0.69, 0.93]
ﬁn. premium ρit
pr Beta 0.8 0.1 0.872 0.820 [0.70, 0.92]
employment ρn Beta 0.8 0.1 0.790 0.770 [0.64, 0.89]
*For the Inverted Gamma function the degrees of freedom are indicated.
single-equation policy rule found a much higher interest-rate smoothing parameter comparable with the
values in the international literature. A possible explanation for this can be found in Goodhart (2004),
he argues that non-structural single-equation methods overestimates the value of interest-rate smoothing
parameter, since they are not able to identify some persistent structural shocks inﬂuencing the behavior of
the policy rate. As mentioned earlier, the adjustment cost of investment was chosen at a value higher than
usually estimated in other DSGE models. In addition, the presence of cost of adjustment for labor-import
boundle is not usually assumed in the literature.
Comparing posterior and prior density graphs, data were informative, prior and posterior density graphs
differ, the only exceptions are the export price elasticity and the export smoothing parameters (θx and hx)
where prior and posterior distributions are close to each other.5
5 One should also note that posterior density graphs of γp are not fully satisfactory, as the modes of posteriors are not close to the maximum likelihood
estimates.
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Table 3
Estimated parameters
Prior distribution Estimated posterior
Type Mean Stand. err. Mode Mean 90% prob. int.
Utility function parameters
consumption σ Norm. 2.00 0.40 1.680 1.814 [1.18, 2.46]
habit h Beta 0.75 0.15 0.597 0.646 [0.45, 0.83]
Price and wage setting parameters
ind. cons. prices ϑcr
p Beta 0.60 0.20 0.873 0.821 [0.63, 0.96]
ind. cons. prices ϑit
p Beta 0.60 0.20 0.416 0.431 [0.22, 0.66]
ind. exp. prices ϑcr
x Beta 0.60 0.20 0.215 0.290 [0.10, 0.55]
ind. exp. prices ϑit
x Beta 0.60 0.20 0.383 0.494 [0.18, 0.83]
ind. wages ϑcr
w Beta 0.60 0.20 0.112 0.169 [0.05, 0.34]
ind. wages ϑit
w Beta 0.60 0.20 0.107 0.185 [0.05,0.40]
Calvo cons. prices γ cr
p Beta 0.50 0.20 0.939 0.938 [0.92, 0.96]
Calvo cons. prices γ it
p Beta 0.50 0.20 0.929 0.921 [0.88, 0.95]
Calvo exp. prices γ cr
x Beta 0.50 0.20 0.850 0.824 [0.75, 0.89]
Calvo exp. prices γ it
x Beta 0.50 0.20 0.827 0.810 [0.73, 0.89]
Calvo wages γ cr
w Beta 0.50 0.20 0.714 0.698 [0.58, 0.81]
Calvo wages γ it
w Beta 0.50 0.20 0.711 0.657 [0.46, 0.88]
Other parameters
exp. elasticity θx Beta 0.50 0.10 0.510 0.534 [0.40, 0.67]
exp. smooth. hx Beta 0.75 0.15 0.503 0.507 [0.35, 0.66]
ir. smooth. ζi U(0,1) 0.50 0.29 0.766 0.761 [0.67, 0.84]
policy rule ζπ Norm. 1.50 0.16 1.375 1.379 [1.12, 1.65]
gain g Beta 0.167 0.03 0.229 0.234 [0.17, 0.30]
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underlying inﬂation
There are ﬁfteen structural shocks determining the economy. Two of them, ˜ gt and e P m∗
t , are observable,
and one, the measurement error for capital accumulation (˜ "k
t ) was estimated from an OLS estimate Figure 1
displaysthethreeexogenousseries. Thedeterministicpartofdepreciation, d¯ et,isalsotreatedasanexogenous
shock in our estimation exercise, it equals to the rate of crawl in the crawling-peg regime, and captures a one-
off trend appreciation after the introduction of the new exchange rate regime accompanied by a widening of
the intervention band. (see Figure 2)
The rest of the shock are unobservable, and they are as latent variables in the estimation procedure, and cal-
culated by the two-sided Kalman-smoother. The analysis of this section based on shock trajectories belonging
to a model version parameterized by the estimated mean values of the inﬂation-targeting period.
Figure 2 shows the estimated trajectories of shock directly inﬂuencing the nominal interest rate and the nom-
inal exchange rate. Namely, the nominal depreciation shock in the crawling-peg regime, χt , the monetary-
policy shock of the inﬂation-targeting period, ˜ "r
t , and the ﬁnancial-premium shock in the uncovered-interest-
rate-parity equation, ˜ "pr. Since in the estimation procedure we did not use a foreign-interest-rate series our
estimated ﬁnancial-premium shock incorporates foreign-interest-rate movements as well.
The evolution of the above shocks ﬁts some well-documented events of the Hungarian economy of the past
decade. Credibility in the exchange rate regime was somewhat weak at the outset of the crawling peg regime
(in 1996) and this is reﬂected in the ﬁnancial premium shock. In addition the change in monetary regime
in 2001, accompanied by a signiﬁcant appreciation of the Hungarian forint, can also be clearly observed as a
series of negative shocks. To interpret this, one can also think of this shock mirroring the substantial change
in portfolios (i.e. an increase in forint denominated government debt among the assets of international in-
vestors). A period of increasing risk of Hungarian assets is demonstrated also in 2003, when the central parity
was devalued and the forint depreciated markedly as ﬁnancial markets became vulnerable. The appreciating
speculation in early 2003 is also shown as a negative premium shock. The shock also describes the gradual
tightening of the ECB at the end of the sample. Moreover, in the summer of 2006 exchange rate depreciated
after the announcement of the ﬁscal stabilization and this shows up in a temporary ﬁnancial premium shock
as the reaction of monetary policy was relatively smooth and exchange rate only strengthened back to the
pre-stabilization levels later.
The estimated trajectories of the rest of the shocks can be seen in Figure 3. The export-demand shock, ˆ x∗
t ,
also matches to common perception of the economy: the slowdown in Europe because of Russian crisis and
ﬁnancial market evolutions in US in 1998 and 1999 and the sluggish demand for exports between 2002-2003.
It also shows a gradual recovery at the end of the sample.
The consumer preference shock, ˜ "c
t, shows the effects of the ﬁscal stimulus during 2002 and 2003. In con-
trast to the observed government spending shock, this shock mostly captures indirect effects of ﬁscal policy,
namely, rise in transfers and the easing of household mortgage subsidies. One could also explain the rise in
consumer prefence as a result of wealth effects generated by the ﬁscal policy, as well. In addition, the deepen-
ing of ﬁnancial markets can also account for this rise.6 The model detects a strong negative preference shock
after the ﬁscal consolidation package introduced in 2006.
The price markup shock ˜ υt is relatively volatile, but some part of the Hungarian inﬂation history can be
realized. For example, the drop in price markup in early 1999 might be the result of a decrease of unprocessed
food, oil and import prices due to the Russian crisis. On the other hand, a rise in food prices also captured
6 Since 2001, credits to households started to accelerate and part of this might be explained by widening access to ﬁnancial instruments. Liquidity
constraints continuously eased.
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by the estimated shock just before the introduction of the inﬂation targeting regime in 2001. A VAT-hike
in 2004 is also detected by the model as a markup shock. Price markup started to decline after 2004, which
might be the consequence of growing competition in retail sector due to Hungary’s accession to the EU. The
effects of ﬁscal consolidation accompanied by VAT and regulated price hikes in 2006 are also estimated as a
price markup shock.
The labor-market shock ˜ υw
t is a combination of two structural shocks, a labor-supply shock and a wage-
markup shock. Figure 3 reveals that this shock is heteroskedastic in the sample, the variance of the shock
increased in the inﬂation-targeting regime. Nominal wages were severely perturbed by government measures
in this period. The effects of minimum wage hikes in 2001, 2002 and 2006 was detected by the model.
Adjustment of nominal wages to the new low inﬂation environment after the introduction of the more
disinﬂation oriented inﬂation-targeting system might have also created large nominal wage ﬂuctuations. In
2004 and 2006, when the VAT was hiked, a negative labor-market shock can be observed, this might point
to the fact that the increase in tax-wedge was not translated into higher wages that time. On the other hand,
the coincidence of wage and price markup shocks might point to some speciﬁcation problems, as well. This
might call for a more precise modelling of labor markets e.g. as tried by Jakab & Kónya (2007).
The evolution of the productivity shock e At, predicts a slowdown in productivity during 1997 and 2001 and a
higher productivity era since 2002. This is in contrast with other micro-level data based estimates (e.g. MNB
(2006)). They argue that at the end of our sample a slowdown in productivity occurred. Moreover, other
studies measure labor as employment, while in our model hours enter into production function. Hence, the
difference between our productivity measure and the one estimated by e.g. Benk et al. (2005) might contain
the possibly different evolution of hours and employment.
In summary: in most cases the estimated shocks conform to the documented special events of the Hungarian
and world economy. However, the productivity and the labor-market shocks might indicate the presence
of events not captured by our model. The treatment of hours and capital as latent variables and the het-
eroskedasticity of labour market shock are worth analyzing more deeply in the future.
An interesting feature of the model is that it contains an adaptive learning of agents about underlying inﬂa-
tion. Percception of underlying inﬂation is measured by ¯ π. It is worth looking at the estimated evolution
of this latent variable. Figure 4 shows that our estimated perceived underlying inﬂation matches the long
term disinﬂation in Hungary. This is not very surprising, by construction of the model perceived underlying
inﬂation is a ’ﬁltered’ inﬂation. It is still worth comparing the two series to check it plausibility. The model
prediccts that in the ﬁrst three-four years of the crawling-ped regime (until around late 1998-early 1999), in-
ﬂation and its perception closely moved together. There was a signiﬁcant drop in quarterly inﬂation from
around 13 percent to around 7. However, this was only gradually reﬂected in the estimated perceived under-
lying inﬂation. Our model suggests that agents only ’beleived’ in the lower-inﬂation era with a considerable
lag. During 2000 and 2001, perceived inﬂation again started to stagnate. Thenafter, actual inﬂation was fu-
elled and perceived inﬂation also followed it with some lagged reaction. After the change in monetary policy
regime to an inﬂation targeting regime, the relatively sudden drop in inﬂation, the model estimates that it
was not fully perceived as permanent disinﬂation. The new regime needed a two-to-three years period to gain
some credibility. The VAT increase in 2004 had only a temporary effect on inﬂation and on perceived inﬂa-
tion. In contrast, the VAT and regulated price hikes in 2006 had some unpleasant consequences: perceived
inﬂation accelerated heavily.
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Figure 1
Government spending, import-price and capital measurement error shocks




































26 MNB WORKING PAPERS • 2008/9ANALYSIS OF STRUCTURAL SHOCKS AND PERCEIVED UNDERLYING INFLATION
Figure 2
Deterministic part of nominal depreciation (d¯ et) rate of crawl, monetary-policy and ﬁnancial-premium shocks*







































*Calculated at mean parameter values
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Figure 3
Other structural shocks*






































































































*Calculated at mean parameter values
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Figure 4
Perceived and actual inﬂation*








Inflation(dash) and perceived inflation(sol)
*Annualised quarter-on-quarter growth rates, calculated at mean parameter values. One should note that in this graph perceived
inﬂation is deﬁned as the one transformed back to be comparable to actual ﬁgures: perceived inﬂation = ¯ πt +χt +mean(πt)+0.4
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Impulse responses of our model to different structural shocks are displayed in Figures 5–16. Price and wage
inﬂation, user cost, nominal and real interest rates are deﬁned as annualized quarter-on-quarter growth rates.
Impulse response functions are calculated at mean parameters. Impulse responses are calculated as reactions
of endogenous variables for a 1 percentage increase of innovation in the initial period. The exceptions are the
two price markup shocks, labour market, policy rule and ﬁnancial premium shocks where the initial increase
is 0.25 percent.
To understand impulse responses, let us brieﬂy describe some distinctive features of our estimated model.
First, agents in this model continuously learn about underlying inﬂation. Consumer prices and wages are
fully indexed to the perceived underlying inﬂation. Hence, due to gradual learning impulse responses of
nominal wages and consumer prices are more persistent than that of the cyclical ones. Adaptive learning
has a consequence for both consumption and investment response, as well. As there are non-optimizer
consumers, the sluggish response of price and nominal wages creates relatively long lasting real wage and
consumption responses, as well. Agents also use their perception of underlying inﬂation when real interest
rate and rental rate of capital are determined. Thus investments are also sluggish due to the adaptive learning
feature of the model.
Second, the estimated adjustment cost of investments is higher than usually found in the literature (e.g. SW).
This implies that the response of investments is slower and less volatile than in other DSGE models, and the
reaction of investments has usually the same magnitude as that of output or consumption.
Third, in most of the cases consumer prices are generally less responsive on impact and more persistent than
nominal wages. This can be partly explained by the higher Calvo parameter of consumer prices than that of
nominal wages.
As is usual in New Keynesian models, a positive productivity shock decreases labor (hours). Consumption
is higher in the long run, but in the short run this translates into lower consumption of non-optimizers.7
Monetary-policy shock has a negative effect on price and wage inﬂation. As mentioned above, part of the
drop in inﬂation is devoted to the change in perceived underlying inﬂation, which induces agents to index
to lower inﬂation. Indexation mechanisms amplify monetary policy shocks. In the case of ﬁnancial pre-
mium shocks, GDP increases. This is mostly the result of growing consumption due to the presence of
non-optimizers. Investments drop and export hardly change . The latter is the consequence of the relatively
low price elasticity of exports.
Cost push shocks (consumer price markup and labour market shocks) have large impact on price and wage
inﬂation. The two shocks result in different nominal and real interest rate paths. In the former case mone-
tary policy tightens immediately, while in the in the latter case policy response is only gradual. Cost push
shocks also accompany by signiﬁcant real responses. In the case of labor market shock, the increase in non-
optimizers income offset the reaction of optimizers and thus, total consumption is somewhat higher in the
short run. Under both two shocks GDP, employment and investments drop. An interesting feature is that a
foreign-import-price shock increases GDP which is a consequence of the large drop in imports due to relative
price changes.
If a positive government spending shock occurs, one can observe that in the short run the increase in con-
sumption of non-optimizers offset the decrease in optimizers consumption. Hence, the model replicates a
(weakly) Keynesian multiplier effect in the short run. However, in the long run due to a crowding-out effect,
7 Nominal exchange rate appreciates even though there is a drop in interest rates in the short run. At a ﬁrst glance this is difﬁcult to explain. However,
the short-run response of the nominal exchange rate depends on the sum of all future nominal-interest-rate changes. In other words, the nominal
exchange rate is determined by forward-looking factors. However, the reaction of the nominal exchange rate might not be very important in this case,
since according to variance decomposition the behavior of the nominal exchange rate is largely explained by non-productivity factors.




















































investment activity has a negative effect on GDP which also feeds back into income of nonoptimizers and
thus in the medium run the response of total consumption becomes negative.
5.1 COMPARISON WITH OTHER ESTIMATED MODELS OF THE HUNGARIAN ECONOMY
Jakab et al. (2006) compare the reactions of different estimated Hungarian non-DSGE models to a certainly
speciﬁed monetary-policy shock. They studied the behavior of the quarterly projection model of the MNB
described in Benk et al. (2006), the small-size structural model of Várpalotai (2003), and the SVAR model of
Vonnák (2005)
The benchmark monetary-policy shock is identiﬁed in SVAR. The identiﬁed shock implied a certain paths
for the nominal interest rate and the nominal exchange rate.8 Then the above deﬁned nominal paths were
treated as exogenous, and studied the impulse responses of the above models to these trajectories
In this section we perform the same exercise with our DSGE models. As previously, our impulse responses
calculated by a model version parameterized with the estimated mean values of the inﬂation-targeting period
(see Figure 17)
In the short run, price and real exchange rate reactions of our model to the above shock are rather similar to
that of other models. In our model consumer prices are less responsive than in other models in the longer
run. However, the behavior of consumption and real wages are quite different in our DSGE model and in
NEM and SVAR. In the DSGE model the exogenous monetary contraction is followed by a slight decrease of
realwages, whileintheothermodelsrealwageﬁrstincreases. Thisdifferenceisduetothedifferentstructures
of equations related to labor market. In the DSGE model the labor-supply equation implies that a decline of
8 The monetary shock is described as an approximately 0.4 percentage point increase in (annual) nominal interest rate and an accompanying 0.7 percent
appreciation of the nominal exchange rate.
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Figure 10

































































































34 MNB WORKING PAPERS • 2008/9IMPULSE RESPONSE ANALYSIS
Figure 12






























































































































































































































































hours always accompanies with a decline of real wages. On the other hand, in the NEM model the decline of
nominal wages is smaller than that of prices, hence real wages increase. This phenomenon partly explains the
divergent reaction of consumption, since in both models consumption is directly inﬂuenced by real wages.
Regarding the behavior of investments one can detect larger qualitative differences. In SVAR, NEM and
5GAP models a monetary tightening is followed by an investment fall. In our model there is only a slight
drop in investments in the ﬁrst few quarters and then they start to increase. The reason for the increase in
investment lies on the special shape of the interest rate and nominal exchange rate evolution. As shown in
Figure 7 monetary policy shock leads to lower investments. In this exercise, however, an additional (positive)
risk premium shock should enter to capture the exogenously given nominal exchange rate dynamics. More-
over, nominal interest rate is less persistent here. Hence, forward looking agents expect monetary tightening
to cease out and thus, the immediate drop in investment is subdued and the positive ﬁnancial premium shock
after the second quarter also pushes investments higher. Furthermore, as there is an adaptive learning on
underlying inﬂation, agents perceive monetary tighteting as a temporary decrease in perceived underlying
inﬂation, which also reduces rental rate of capital, at least in the medium run.
Finally, there is some difference in the response of net exports: in contrast with NEM net expors only show
a transitory decline in the DSGE model.
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Figure 17
The effects of a monetary shock in different models for Hungary*
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*Our model’s results are calculated at mean parameter values, our model: blue stars, SVAR: dotted, NEM: dashed, 5GAP: solid
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Variance decomposition are calculated with parameters describing the inﬂation targeting regime. Therefore,
it is not surprising that the trend depreciation shock (χt) does not inﬂuence forecast errors, as in this regime
this observed shock is constantly kept zero. The results of the unconditional (long run) variance decomposi-
tion are summarized in Table 7, while forecast error variance decompositions are shown in Tables 4–6.
Consumer price inﬂation is affected in two channels: one through the perceived underlying inﬂation (¯ πt =
−d ¯ qt), and one through changes in cyclical inﬂation (ˆ πt). An interesting feature that in the long run per-
ceived inﬂation is mostly explained by consumer price markup and labor market shocks. Productivity, in-
vestment and preference shocks are also important. As shown before, consumer preference shocks are related
to ﬁnancial deepening or ﬁscal stimulus (through transfers). That is, inﬂationary perception is also affected
by the changing pattern in consumption demand. The second factor of inﬂation, the cyclical one is also
driven by the above shocks, though here, consumer price markup shocks plays more signiﬁcant role and the
labor market shock is less relevant. That is, consumer price markup shocks have more explanatory power for
cyclical inﬂation, while labor market shocks have more inﬂuence on the long term inﬂationary perception
of agents. Cyclical nominal wages (ˆ πw
t ) are governed by their own shocks both in the long and in the short
run. This might indicate the model has rather limited ability to explain nominal wage ﬂuctuations.9
Inthelongrun, thecyclicalbehaviourofrealexchangerateisexplainedbyﬁnancialpremium, foreignimport
price, labor market, export demand and export price markup shocks. In the shorter run, however,real
exchange rate movements are almost entirely driven by ﬁnancial premium shocks. though consumer price
markup and monetary policy rule shock gain some importance.
In the shorter run the nominal interest rate is explained by consumer price markup and monetary rule
shocks. In addition, productivity, preference, ﬁnancial premium and the labor market shock gain importance
in determining monetary policy in the long run. Interestingly, ﬁnancial premium shocks has only a limited
effect on interest rates in the short run. That is, monetary policy tried to react to foreign interest rate
ﬂuctuations and changes in risk premium mostly in a longer time span.
Real wages are governed by foreign shocks (foreign demand and export price markup shocks) showing that
in a small, open economy, there is a close link between real wages in the export and in the domestic sector.
Productivity shocks effects almost all real variables except for investments (consumption, imports, demand
for labor and the rental rate of capital (˜ r k
t )). The export-demand shock (ˆ x∗
t ) is important in explaining the
behavior of exports, import and labor demand of the export sector, real wages, but prices are isolated from
this shock. Generally real variables are driven by productivity and export demand shocks. Not surprisingly,
this result shows that in a small open economy, like Hungary, these are the prime determinants of output
ﬂuctuations. The overwhelming role of investment shock in investments and capital determination might
show that the model is not very efﬁcient in explaining investment behavior in Hungary.
In all horizons, ﬁnancial premium and monetary shocks have only a negligible effects on real variables except
for the real exchange rate. They mostly inﬂuence the cyclical components of real and nominal exchange rate
and the nominal interest rate. Real effects of ﬁnancial premium and monetary-policy shock are only minor,
which is in contrast with eurozone estimates of Smets & Wouters (2003). This conforms to Vonnák (2007)
and Jakab et al. (2006) that monetary policy’s effects in Hungary are rather limited on output.
The government consumption shock plays only a minor role in determining real variables in the short run,
the only exception is the import demand of the domestic goods producing sector. In the longer run, imports
and labor demand is only inﬂuenced in a limited extent by this shock. This might indicate that ﬁscal policy
mostly affected the economy in indirect ways, through transfers, tax and regulated price changes etc., and
not by direct purchases of goods and services.
9 This serves partly as a motivation to extend this model by a more detailed labor market setup. Jakab & Kónya (2007) insert search and matching
frictions into a simpliﬁed version of this model.
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Table 4
Forecast error variance decomposition t = 1 (one quarter)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ π 0.7 0.2 0.0 0.7 8.2 85.0 0.9 0.6 1.1 0.6 0.2 0.0 1.8 0.0 0.0
ˆ πx
t 0.0 0.1 0.0 5.4 5.8 0.0 0.2 88.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
ˆ πw
t 0.1 0.1 0.0 0.4 0.8 0.2 96.7 0.4 0.6 0.4 0.1 0.0 0.1 0.0 0.0
¯ π∗∗
t 0.7 0.2 0.0 0.7 8.2 85.0 0.9 0.6 1.1 0.6 0.2 0.0 1.8 0.0 0.0
π∗∗∗
t 0.7 0.2 0.0 0.7 8.2 85.0 0.9 0.6 1.1 0.6 0.2 0.0 1.8 0.0 0.0
˜ qt 0.0 0.6 0.0 3.5 0.2 7.1 0.1 0.0 0.5 81.4 6.2 0.0 0.3 0.0 0.1
˜ et 0.0 0.7 0.0 3.2 0.0 1.8 0.0 0.1 0.3 86.9 6.8 0.0 0.1 0.0 0.1
d˜ et 0.0 0.7 0.0 3.2 0.0 1.8 0.0 0.1 0.3 86.9 6.8 0.0 0.1 0.0 0.1
ˆ ıt 0.2 0.1 0.0 0.1 2.6 25.8 0.3 0.2 0.3 1.1 68.7 0.0 0.5 0.0 0.0
˜ cno
t 4.8 4.4 0.0 7.3 55.1 3.7 12.9 2.0 0.7 7.4 0.9 0.0 0.9 0.0 0.0
˜ co
t 0.1 1.0 0.0 1.3 1.2 1.1 2.1 0.9 90.3 0.2 1.3 0.0 0.3 0.0 0.2
e wt 0.0 0.1 0.0 0.2 0.1 5.6 93.1 0.3 0.3 0.2 0.0 0.0 0.0 0.0 0.0
˜ xt 0.0 0.0 0.0 83.4 1.0 0.0 0.0 15.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e md
t 11.6 3.6 0.0 4.3 68.3 0.0 2.0 0.2 2.2 4.6 0.1 0.0 3.2 0.0 0.0
e mx
t 0.6 2.3 0.0 34.3 53.6 0.0 0.9 5.4 0.2 2.5 0.1 0.0 0.2 0.0 0.0
˜ l d
t 12.0 3.9 0.0 1.1 69.5 0.7 2.2 0.2 1.1 6.0 0.9 0.0 2.4 0.0 0.0
˜ l x
t 0.4 5.3 0.0 23.9 51.4 0.3 3.7 5.4 0.0 8.7 0.7 0.0 0.0 0.0 0.0
˜ nt 1.3 2.0 0.0 3.5 15.0 0.6 11.1 3.7 0.3 3.8 0.5 57.1 1.1 0.0 0.0
˜ kt 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 20.9 0.0 78.7
˜ It 0.0 0.0 0.0 0.0 0.3 0.7 0.3 0.0 0.2 0.2 0.2 0.0 97.9 0.0 0.0
˜ bt 2.9 21.7 0.0 14.7 41.7 0.0 0.9 14.2 0.6 2.5 0.1 0.0 0.8 0.0 0.0
e Qt 0.1 0.3 0.0 2.1 1.9 34.8 0.6 2.6 0.1 2.3 34.3 0.0 12.0 7.9 1.2
˜ r k
t 6.3 1.1 0.0 11.0 74.0 0.8 0.3 2.1 0.7 2.1 0.4 0.0 1.3 0.0 0.0
P x
t 0.0 0.1 0.0 5.4 5.8 0.0 0.2 88.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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Table 5
Forecast error variance decomposition t = 4 (one year)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ π 0.8 0.2 0.0 1.3 9.9 71.5 3.2 1.8 3.5 1.3 0.6 0.0 5.8 0.0 0.1
ˆ πx
t 0.0 0.1 0.0 9.0 6.2 0.0 0.5 83.6 0.1 0.2 0.0 0.0 0.1 0.0 0.0
ˆ πw
t 0.1 0.1 0.0 0.4 0.7 0.3 96.2 0.7 0.7 0.5 0.1 0.0 0.2 0.0 0.0
¯ π∗∗
t 1.0 0.3 0.0 2.1 13.5 57.7 4.8 2.9 5.5 2.1 0.9 0.0 9.0 0.0 0.1
π∗∗∗
t 0.9 0.3 0.0 1.8 11.6 62.0 4.6 2.6 5.1 1.8 0.9 0.0 8.4 0.0 0.1
˜ qt 0.1 0.9 0.0 6.7 0.8 11.0 0.5 0.0 1.4 72.8 4.4 0.0 1.2 0.0 0.3
˜ et 0.0 1.4 0.0 5.0 0.2 1.2 0.0 0.3 0.3 85.4 5.7 0.0 0.1 0.0 0.2
d˜ et 0.0 0.7 0.0 2.9 0.1 2.3 0.1 0.1 0.3 86.2 7.0 0.0 0.2 0.0 0.1
ˆ ıt 0.6 0.4 0.0 0.8 8.5 34.1 2.9 1.9 3.1 4.9 37.4 0.0 5.3 0.0 0.0
˜ cno
t 1.8 2.7 0.0 6.2 21.3 6.8 44.4 8.0 1.2 5.7 0.7 0.0 1.1 0.0 0.0
˜ co
t 0.2 2.0 0.0 2.1 2.5 1.8 4.4 1.9 82.4 0.5 1.0 0.0 0.8 0.0 0.4
e wt 0.0 0.1 0.0 0.2 0.1 3.3 95.5 0.4 0.2 0.3 0.0 0.0 0.0 0.0 0.0
˜ xt 0.0 0.1 0.0 47.9 4.6 0.0 0.5 46.3 0.1 0.2 0.0 0.0 0.1 0.0 0.0
e md
t 7.4 5.0 0.0 7.5 46.0 0.5 10.1 1.8 7.0 5.4 0.1 0.0 9.3 0.0 0.0
e mx
t 0.3 2.5 0.0 36.7 25.9 0.0 2.9 29.5 0.3 1.7 0.1 0.0 0.2 0.0 0.0
˜ l d
t 8.1 3.5 0.0 1.4 49.2 2.1 17.1 1.0 3.3 6.1 1.2 0.0 7.1 0.0 0.0
˜ l x
t 0.2 3.5 0.0 21.3 22.6 0.3 19.0 25.1 0.2 7.3 0.5 0.0 0.0 0.0 0.0
˜ nt 0.4 1.4 0.0 2.0 5.0 0.8 25.3 5.9 0.3 3.1 0.4 54.0 1.3 0.0 0.0
˜ kt 0.0 0.0 0.0 0.0 0.3 0.7 0.4 0.0 0.3 0.3 0.1 0.0 43.6 0.0 54.3
˜ It 0.1 0.1 0.0 0.0 0.8 1.7 1.3 0.2 0.8 0.8 0.2 0.0 93.9 0.0 0.1
˜ bt 1.3 18.3 0.0 31.6 18.2 0.0 3.0 22.5 1.3 2.2 0.0 0.0 1.6 0.0 0.0
e Qt 0.6 0.7 0.0 0.8 9.1 33.3 3.3 1.1 2.0 4.4 15.8 0.0 25.7 2.1 1.1
˜ r k
t 4.2 1.0 0.0 16.3 51.8 2.6 1.1 14.9 2.1 2.7 0.6 0.0 2.7 0.0 0.1
P x
t 0.0 0.2 0.0 16.0 7.6 0.0 1.0 74.4 0.2 0.3 0.0 0.0 0.2 0.0 0.0
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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Table 6
Forecast error variance decomposition t = 10 (ten quarters)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ π 0.9 0.3 0.0 1.3 11.4 68.8 3.3 2.4 3.7 1.3 0.6 0.0 5.9 0.0 0.1
ˆ πx
t 0.1 0.2 0.0 10.1 6.8 0.0 0.6 81.7 0.2 0.2 0.0 0.0 0.2 0.0 0.0
ˆ πw
t 0.1 0.1 0.0 0.5 0.8 0.3 95.8 0.9 0.7 0.5 0.1 0.0 0.2 0.0 0.0
¯ π∗∗
t 0.8 0.3 0.0 2.6 10.5 38.1 10.1 3.8 10.3 3.1 1.8 0.0 18.1 0.0 0.5
π∗∗∗
t 0.8 0.3 0.0 1.8 10.8 56.2 6.2 2.8 6.4 2.0 1.1 0.0 11.1 0.0 0.3
˜ qt 0.1 2.3 0.0 12.3 0.8 11.0 0.9 0.2 2.5 63.6 3.5 0.0 2.2 0.0 0.7
˜ et 0.2 3.2 0.0 6.6 2.9 3.0 1.5 2.1 0.9 72.3 4.7 0.0 2.3 0.0 0.3
d˜ et 0.0 0.7 0.0 2.8 0.3 2.5 0.3 0.2 0.5 85.3 6.9 0.0 0.5 0.0 0.1
ˆ ıt 0.6 0.4 0.0 0.9 7.9 25.9 7.6 3.2 7.2 7.9 24.8 0.0 13.4 0.0 0.2
˜ cno
t 1.2 2.0 0.0 4.5 15.1 7.3 56.1 6.9 0.9 4.5 0.5 0.0 0.8 0.0 0.1
˜ co
t 0.3 4.2 0.0 4.9 4.3 1.9 10.2 4.2 65.9 0.6 0.7 0.0 2.0 0.0 0.9
e wt 0.0 0.1 0.0 0.1 0.2 2.8 95.8 0.4 0.2 0.3 0.0 0.0 0.0 0.0 0.1
˜ xt 0.0 0.2 0.0 41.2 5.7 0.0 1.9 49.9 0.4 0.4 0.0 0.0 0.2 0.0 0.1
e md
t 6.2 6.3 0.0 7.6 39.4 1.4 13.3 2.0 7.6 5.5 0.1 0.0 10.5 0.0 0.1
e mx
t 0.2 2.8 0.0 33.4 23.9 0.0 3.9 33.6 0.3 1.5 0.1 0.0 0.2 0.0 0.0
˜ l d
t 6.1 2.7 0.0 1.2 37.2 2.4 34.3 1.1 2.8 4.6 1.0 0.0 6.6 0.0 0.0
˜ l x
t 0.1 2.9 0.0 16.9 16.9 0.2 33.1 22.8 0.5 6.0 0.4 0.0 0.2 0.0 0.0
˜ nt 0.2 1.0 0.0 1.2 2.3 0.8 42.8 4.1 0.2 2.0 0.2 44.3 1.0 0.0 0.0
˜ kt 0.1 0.1 0.0 0.0 1.0 1.8 2.1 0.3 1.3 1.1 0.1 0.0 58.7 0.0 33.4
˜ It 0.1 0.3 0.0 0.0 1.7 3.0 4.7 0.7 3.0 2.2 0.2 0.0 83.6 0.0 0.4
˜ bt 0.7 17.7 0.0 40.0 10.5 0.2 7.1 16.3 2.1 2.6 0.0 0.0 2.8 0.0 0.0
e Qt 0.4 0.6 0.0 0.6 7.1 20.8 6.1 2.0 4.2 4.5 8.6 0.0 43.1 1.1 0.8
˜ r k
t 4.0 0.9 0.0 15.4 49.0 3.6 1.1 16.8 2.3 2.7 0.6 0.0 3.1 0.0 0.6
P x
t 0.0 0.2 0.0 22.4 7.3 0.0 2.2 66.5 0.4 0.4 0.0 0.0 0.2 0.0 0.2
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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Table 7
Unconditional variance decomposition∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ π 0.8 0.4 0.0 1.3 11.0 65.2 4.1 2.6 4.4 1.4 0.7 0.0 8.0 0.0 0.1
ˆ πx
t 0.1 0.2 0.0 10.2 6.8 0.0 0.6 81.6 0.2 0.2 0.0 0.0 0.2 0.0 0.0
ˆ πw
t 0.1 0.1 0.0 0.5 0.7 0.3 95.8 0.9 0.8 0.5 0.1 0.0 0.2 0.0 0.0
¯ π∗∗
t 0.7 0.8 0.0 2.4 10.0 32.2 10.5 4.1 9.9 2.6 1.8 0.0 23.6 0.0 1.3
π∗∗∗
t 0.8 0.6 0.0 1.7 10.6 51.6 6.8 3.2 6.7 1.9 1.2 0.0 14.4 0.0 0.6
˜ qt 0.3 12.9 0.0 30.8 4.4 4.2 9.1 6.5 2.4 23.8 1.2 0.0 3.8 0.0 0.8
˜ et 0.4 5.6 0.0 7.3 6.4 4.5 13.7 5.8 6.5 33.3 2.7 0.0 11.9 0.0 1.9
d˜ et 0.0 0.7 0.0 2.8 0.3 2.5 0.3 0.2 0.5 84.9 6.8 0.0 0.8 0.0 0.2
ˆ ıt 0.5 0.6 0.0 1.4 7.5 24.3 7.9 3.1 7.1 7.7 22.5 0.0 16.6 0.0 0.8
˜ cno
t 1.1 3.2 0.0 7.6 13.6 6.8 52.3 6.7 1.0 4.5 0.5 0.0 2.2 0.0 0.6
˜ co
t 0.4 13.1 0.0 24.6 6.3 0.7 17.7 8.4 24.3 1.6 0.2 0.0 1.0 0.0 1.6
e wt 0.0 0.3 0.0 0.6 0.2 2.8 93.3 0.5 0.2 0.4 0.0 0.0 1.0 0.0 0.5
˜ xt 0.1 1.2 0.0 40.7 5.6 0.1 2.5 46.7 0.5 0.7 0.0 0.0 1.5 0.0 0.3
e md
t 4.3 10.4 0.0 17.9 28.4 1.2 13.6 4.9 6.1 4.9 0.1 0.0 8.1 0.0 0.3
e mx
t 0.2 3.1 0.0 33.4 23.6 0.0 4.1 33.3 0.3 1.6 0.1 0.0 0.2 0.0 0.0
˜ l d
t 5.7 2.5 0.0 1.2 34.9 2.3 37.5 1.2 2.8 4.5 0.9 0.0 6.4 0.0 0.1
˜ l x
t 0.2 5.8 0.0 21.0 14.8 0.3 30.7 20.0 1.0 5.4 0.3 0.0 0.5 0.0 0.1
˜ nt 0.2 2.8 0.0 5.3 2.6 0.7 43.8 4.3 0.6 1.9 0.2 36.7 0.8 0.0 0.1
˜ kt 0.1 0.6 0.0 0.2 2.1 2.9 11.2 1.2 6.1 3.8 0.1 0.0 54.5 0.0 17.3
˜ It 0.1 0.3 0.0 0.1 1.9 3.2 7.9 1.0 4.7 3.1 0.2 0.0 76.4 0.0 1.1
˜ bt 0.5 18.3 0.0 38.6 7.1 0.4 15.9 10.7 3.2 3.5 0.0 0.0 1.3 0.0 0.5
e Qt 0.4 0.6 0.0 0.5 6.3 18.4 6.0 1.9 4.1 4.2 7.6 0.0 48.3 1.0 0.7
˜ r k
t 3.6 1.3 0.0 14.8 45.1 3.4 2.3 15.7 2.5 2.6 0.6 0.0 6.7 0.0 1.3
Px
t 0.1 1.3 0.0 23.3 7.1 0.1 2.7 62.1 0.5 0.8 0.0 0.0 1.6 0.0 0.3
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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learning
Disinﬂation was endogenously detemined by an adaptive learning mechanism in the model outlined above
(henceforth called Baseline Model) In the baseline model the underlying component of inﬂation was made
endogenous by introducing an adaptive learning scheme.
It should be emphasised that the solution in the Baseline model does not assume non-rationality: agents take
into account that inﬂation has a permanent component (on top of the exogenously set rate of currency de-
preciation in the crawling peg regime) and all agents fully index their prices and wages to it ﬁrst. Optimizing
agents set their prices and wages to the optimal level, so this is simply a convenient way of writing Phillips-
curves.
As mentioned before, this solution enabled us to explain long term variance of inﬂation without adding an
extra shock. A natural question arises: what are the consequences of choosing this type of ’ﬁltering’. One can
suspect that inserting the adaptive learning of ’perceived underlying inﬂation’ would have created an ’intrinsic’
inertia in both price and wage setting and indexation parameters are estimated to be low. For this purpose,
we estimated an alternative model which ﬁlters inﬂation in a different way. The ’intrinsic’ inertia in price
and wage setting was switched off and an ’extrinsic’ shock was introduced .
As an alternative model, we experimented with estimating the model by estimating the shock of ’perceived
underlying inﬂation’ with Bayesian methods. For this, raw inﬂation data were simply demeaned after sub-
stractingtheexogenousrateofcrawl. Then,equation(72)wasswitchedoffandasimpleequationdetermining
the change in ’underlying’ inﬂation (see equation (53)) was used. This way, the model was estimated on the
same data set as the Baseline Model.
d ¯ qt = ˜ χt, (53)
As mentioned before, in the alternative model the shocks to the ’perceived underlying inﬂation’ was estimated
and the learning rule was switched off. Apart from this, the model has the same properties as the baseline
model. The alternative model was then estimated by Bayesian method with exactly the same prior distribu-
tions and number of draws that of the Baseline Model. The only exception is that the gain parameter (g)
was set to zero and that the standard error of the ’perceived underlying inﬂation’ shock was given a prior of
Inverse Gamma distribution with mean 0.5 and degrees of freedom of 2. Table 8 and 9 show the estimation
results of the alternative model.
Almost all estimated structural parameters in the alternative model were found to be very close to that in the
Baseline Model. The only slight difference is a lower degree of indexation in consumer prices for the inﬂation
targeting regime. Hence, one can conclude that the role of intrinsic’ inertia in the Baseline Model was not
generated by the way of how ’perceived underlying’ inﬂation is formed.
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Table 8
Estimated parameters of shocks in the alternative model
Prior distribution Baseline model Alternative model
Estimated posterior Estimated posterior
Type Mean Stand. err. Mode Mean 90% prob. int. Mode Mean 90% prob. int.
Standard errors
productivity σA I.Gam. 0.5 2* 2.080 2.152 [1.82,2.55] 2.037 2.110 [1.78,2.51]
export demand σx I.Gam. 0.5 2* 2.352 2.464 [2.06,2.95] 2.345 2.456 [2.07,2.92]
cons. pref. σc I.Gam. 0.5 2* 0.146 0.203 [0.11,0.33] 0.151 0.213 [0.12,0.33]
cons. price markup σp I.Gam. 0.5 2* 0.397 0.420 [0.34,0.52] 0.351 0.380 [0.28,0.50]
export price markup σpx I.Gam. 0.5 2* 1.873 2.182 [1.64,2.87] 1.862 2.198 [1.66,2.92]
labor market σcr
w I.Gam. 0.5 2* 0.824 0.922 [0.65,1.26] 0.755 0.862 [0.59,1.21]
labor market σit
w I.Gam. 0.5 2* 0.609 0.932 [0.54,1.42] 0.662 1.016 [0.58,1.57]
investments σI I.Gam. 0.5 2* 0.969 1.003 [0.76,1.27] 0.945 0.979 [0.74,1.24]
Equity premium σQ I.Gam. 0.5 2* 0.167 0.393 [0.11,0.99] 0.167 0.393 [0.10,1.30]
policy rule σcr
r I.Gam. 0.5 2* 0.574 0.602 [0.48,0.76] 0.573 0.601 [0.48,0.76]
policy rule σit
r I.Gam. 0.5 2* 0.229 0.247 [0.19,0.32] 0.190 0.210 [0.13,0.30]
ﬁn. premium σcr
pr I.Gam. 0.5 2* 0.221 0.372 [0.17,0.67] 0.237 0.366 [0.17,0.65]
ﬁn. premium σit
pr I.Gam. 0.5 2* 0.486 0.666 [0.36,1.06] 0.340 0.506 [0.27,0.85]
employment σn I.Gam. 0.5 2* 0.369 0.383 [0.30,0.49] 0.341 0.357 [0.27,0.46]
perceived underlying
inﬂation
σχ I.Gam. 0.5 2* Fixed at 0.12 0.415 0.456 [0.29,0.67]
Autoregressive coefﬁcients
productivity ρA Beta 0.8 0.1 0.577 0.552 [0.43,0.68] 0.530 0.507 [0.38,0.63]
export demand ρx Beta 0.8 0.1 0.616 0.625 [0.51,0.73] 0.617 0.621 [0.50,0.73]
cons. pref. ρc Beta 0.8 0.1 0.833 0.767 [0.60,0.88] 0.830 0.758 [0.60,0.88]
labor market ρcr
w Beta 0.8 0.1 0.486 0.480 [0.32,0.64] 0.501 0.498 [0.33,0.66]
labor market ρit
w Beta 0.8 0.1 0.797 0.661 [0.43,0.87] 0.779 0.656 [0.44,0.86]
export markup ρx Beta 0.5 0.15 0.317 0.318 [0.15,0.50] 0.308 0.308 [0.15,0.49]
investments ρI Beta 0.8 0.1 0.497 0.488 [0.33,0.65] 0.490 0.484 [0.33,0.65]
ﬁn. premium ρcr
pr Beta 0.8 0.1 0.899 0.833 [0.69,0.93] 0.895 0.837 [0.71,0.93]
ﬁn. premium ρit
pr Beta 0.8 0.1 0.872 0.820 [0.70,0.92] 0.907 0.853 [0.75,0.94]
employment ρn Beta 0.8 0.1 0.790 0.770 [0.64,0.89] 0.824 0.796 [0.67,0.91]
perceived underlying
inﬂation
σχ Fixed 0.53 0
Table 9
Estimated structural parameters in the alternative model
Prior distribution Baseline model Alternative model
Estimated posterior Estimated posterior
Type Mean Stand. err. Mode Mean 90% prob. int. Mode Mean 90% prob. int.
Utility function parameters
consumption σ Norm. 2.00 0.40 1.680 1.814 [1.18,2.46] 1.812 1.807 [1.16,2.47]
habit h Beta 0.75 0.15 0.597 0.646 [0.45,0.83] 0.546 0.619 [0.42,0.81]
Price and wage setting parameters
ind. cons. prices ϑcr
p Beta 0.60 0.20 0.873 0.821 [0.63,0.96] 0.783 0.756 [0.52,0.94]
ind. cons. prices ϑit
p Beta 0.60 0.20 0.416 0.431 [0.22,0.66] 0.280 0.328 [0.13,0.56]
ind. exp. prices ϑcr
x Beta 0.60 0.20 0.215 0.290 [0.10,0.55] 0.201 0.281 [0.10,0.53]
ind. exp. prices ϑit
x Beta 0.60 0.20 0.383 0.494 [0.18,0.83] 0.380 0.481 [0.18,0.82]
ind. wages ϑcr
w Beta 0.60 0.20 0.112 0.169 [0.05,0.34] 0.105 0.166 [0.05,0.34]
ind. wages ϑit
w Beta 0.60 0.20 0.107 0.185 [0.05,0.40] 0.121 0.211 [0.06,0.44]
Calvo cons. prices γcr
p Beta 0.50 0.20 0.939 0.938 [0.92,0.96] 0.924 0.918 [0.89,0.94]
Calvo cons. prices γit
p Beta 0.50 0.20 0.929 0.921 [0.88,0.95] 0.932 0.922 [0.88,0.96]
Calvo exp. prices γcr
x Beta 0.50 0.20 0.850 0.824 [0.75,0.89] 0.851 0.823 [0.74,0.90]
Calvo exp. prices γit
x Beta 0.50 0.20 0.827 0.810 [0.73,0.89] 0.829 0.808 [0.73,0.89]
Calvo wages γcr
w Beta 0.50 0.20 0.714 0.698 [0.58,0.81] 0.690 0.662 [0.55,0.77]
Calvo wages γit
w Beta 0.50 0.20 0.711 0.657 [0.46,0.88] 0.679 0.617 [0.44,0.81]
Other parameters
exp. elasticity θx Beta 0.50 0.10 0.510 0.534 [0.40,0.67] 0.504 0.530 [0.40,0.67]
exp. smooth. hx Beta 0.75 0.15 0.503 0.507 [0.35,0.66] 0.486 0.492 [0.34,0.64]
ir. smooth. ζi U(0,1) 0.50 0.29 0.766 0.761 [0.67,0.84] 0.675 0.679 [0.53,0.80]
policy rule ζπ Norm. 1.50 0.16 1.375 1.379 [1.12,1.65] 1.417 1.394 [1.14,1.65]
gain g Beta 0.167 0.03 0.229 0.234 [0.17,0.30] ﬁxed at 0
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Figure 18




















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20











1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20








1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20










1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20








1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
(f) Investments (˜ It)
∗ solid: baseline model, dashed: alternative model
7.1 A COMPARATIVE IMPULSE RESPONSE ANALYSIS
A comparative impulse response analysis between the alternative and the baseline model is also performed
with the same setting of shocks as described before (see Figure 17 - 21). Generally, most of the impulse
response functions are close to each other. One can observe slight differences in nominal wage reactions: in
the alternative model wages are somewhat more ﬂexible. Moreover, consumer prices in the alternative model
generallyrespondtoalesserextent. Thiscanbeexplainedbytwofactors. First, thedegreeofpriceindexation
is somewhat higher in the alternative model. Therefore, prices move less in the short run as inﬂation changes
only gradually. The second factor lies exactly on the learning properties of ’perceived underlying inﬂation’.
While in the baseline model, ’perceived underlying inﬂation’ is also modiﬁed for a prolonged period of time, it
does not change in the alternative model. Therefore, the alternative model generally features a more modest
reaction in prices. In turn, this also modiﬁes the evolution of real wages.
A monetary policy rule shock leads to a weaker drop in inﬂation in the alternative model. The evolution of
real wages are markedly different under productivity, government spending shocks. It can also be observed
that investments respond to a smaller extent in the alternative than in the baseline model.
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Figure 19
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(f) Investments (˜ It)
∗ solid: baseline model, dashed: alternative model
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Figure 20
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(f) Investments (˜ It)
∗solid: baseline model, dashed: alternative model
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Figure 21









1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20












1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20











1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20










1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20








1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20











1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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∗solid: baseline model, dashed: alternative model
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Figure 22
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∗solid: baseline model, dashed: alternative model
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Table 10
Forecast error variance decomposition, model without adaptive learning t = 1 (one quarter)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ πt 0.7 0.2 7.7 1.1 7.8 71.8 2.1 1.0 2.2 1.1 0.1 0.0 4.1 0.0 0.1
ˆ πx
t 0.1 0.1 0.0 5.5 5.4 0.0 0.2 88.5 0.1 0.1 0.0 0.0 0.1 0.0 0.0
ˆ πw
t 0.2 0.2 0.6 0.8 1.6 0.0 93.5 0.8 1.1 0.7 0.1 0.0 0.5 0.0 0.0
¯ π∗∗
t 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
π∗∗∗
t 0.5 0.1 34.5 0.8 5.5 50.9 1.5 0.7 1.5 0.8 0.1 0.0 2.9 0.0 0.0
˜ qt 0.0 1.0 0.6 4.1 0.0 4.1 0.0 0.2 0.3 85.5 3.9 0.0 0.1 0.0 0.2
˜ et 0.0 1.1 0.4 3.6 0.1 0.7 0.0 0.4 0.1 89.3 4.2 0.0 0.0 0.0 0.2
d˜ et 0.0 1.1 0.4 3.6 0.1 0.7 0.0 0.4 0.1 89.3 4.2 0.0 0.0 0.0 0.2
ˆ ıt 0.3 0.1 0.8 0.3 3.7 32.0 1.0 0.5 0.9 2.3 56.0 0.0 1.9 0.0 0.0
˜ cno
t 5.0 4.6 0.1 7.7 55.8 1.9 13.9 2.4 1.0 6.0 0.5 0.0 1.2 0.0 0.0
˜ co
t 0.1 1.2 0.0 1.5 0.9 0.5 2.0 1.0 91.2 0.4 0.7 0.0 0.3 0.0 0.2
e wt 0.0 0.2 0.0 0.5 0.5 3.7 93.5 0.5 0.5 0.4 0.0 0.0 0.1 0.0 0.0
˜ xt 0.0 0.0 0.0 83.6 0.9 0.0 0.0 15.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e md
t 12.0 3.7 0.0 4.5 68.2 0.0 2.2 0.2 2.3 3.7 0.0 0.0 3.1 0.0 0.0
e mx
t 0.6 2.3 0.0 35.2 53.2 0.0 0.9 5.4 0.2 2.0 0.1 0.0 0.2 0.0 0.0
˜ l d
t 12.5 4.0 0.1 1.2 70.6 0.2 2.1 0.3 1.3 4.7 0.5 0.0 2.7 0.0 0.0
˜ l x
t 0.5 5.5 0.0 24.6 52.5 0.1 3.8 5.7 0.0 6.9 0.4 0.0 0.0 0.0 0.0
˜ nt 1.4 2.2 0.1 3.7 15.7 0.1 10.4 3.9 0.4 3.4 0.2 56.9 1.5 0.0 0.0
˜ kt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.9 0.0 78.9
˜ It 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.0 99.2 0.0 0.0
˜ bt 3.0 22.1 0.0 14.9 41.3 0.0 0.9 14.5 0.6 2.0 0.0 0.0 0.7 0.0 0.0
e Qt 0.0 0.2 1.8 3.9 0.8 26.4 0.4 5.4 0.0 4.1 27.6 0.0 14.6 13.3 1.5
˜ r k
t 6.4 1.2 0.0 11.3 73.8 0.4 0.4 2.2 0.9 1.7 0.2 0.0 1.4 0.0 0.0
P x
t 0.1 0.1 0.0 5.5 5.4 0.0 0.2 88.5 0.1 0.1 0.0 0.0 0.1 0.0 0.0
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
7.2 VARIANCE DECOMPOSITION IN THE ALTERNATIVE MODEL
As far as variance decompositions are concerned, one can observe that inﬂation is highly determined by the
shock to the ’perceived underlying inﬂation’, both in the short and in the long run (see Table 10-13). In the
long run, more than 90 per cent of variance of inﬂation is explained by the consumer price markup and
the ’perceived underlying inﬂation’ shock. Disturbingly, the shock to the ’perceived underlying inﬂation’
explains the variance of cyclical inﬂation by more than 25 per cent in 1 year and by around 80 per cent in the
long run. Hence, the alternative model gives very little explanatory role for all other shocks. This is in sharp
contrast to the case with the baseline model, where only around 52 per cent is explained by the consumer
price markup shock. This clearly shows, that the baseline model explains inﬂation to a larger extent by
structural shocks while in the alternative model large part of inﬂation variance can only be captured with
shifts in the Phillips curve (with exogenous - not modelled - shocks). That is, the endogenous learning process
in this baseline model was able to capture longer term inﬂation movements without introducing an additional
exogenous shock related to disinﬂation. At the same time, it was also shown that this solution did not biased
the indexation parameters downwards.
Similarly to the baseline model: real variables are highly inﬂuenced by external demand and productivity
shocks in the long run and the real effects of ﬁnancial premium and monetary-policy shocks are found
negligible in the alternative model.
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Table 11
Forecast error variance decomposition, model without adaptive learning t = 4 (one year)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ πt 0.6 0.2 27.7 1.8 6.2 39.6 5.1 2.0 4.8 2.0 0.2 0.0 9.6 0.0 0.2
ˆ πx
t 0.1 0.1 0.0 9.0 5.6 0.0 0.6 84.2 0.1 0.2 0.0 0.0 0.1 0.0 0.0
ˆ πw
t 0.1 0.2 2.0 0.8 1.2 0.0 90.8 1.4 1.4 1.0 0.1 0.0 1.1 0.0 0.0
¯ π∗∗
t 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
π∗∗∗
t 0.5 0.1 40.4 1.5 5.1 32.6 4.2 1.6 4.0 1.7 0.2 0.0 7.9 0.0 0.2
˜ qt 0.0 1.6 0.9 7.2 0.0 3.9 0.1 0.2 0.7 81.9 2.5 0.0 0.4 0.0 0.5
˜ et 0.1 2.0 0.4 4.9 0.6 0.4 0.2 0.9 0.1 87.2 2.8 0.0 0.2 0.0 0.3
d˜ et 0.0 1.0 0.3 3.3 0.2 1.2 0.1 0.4 0.2 88.2 4.6 0.0 0.2 0.0 0.2
ˆ ıt 0.6 0.4 0.8 1.2 6.5 25.7 5.9 2.7 5.3 8.7 31.0 0.0 11.1 0.0 0.2
˜ cno
t 1.9 2.9 0.2 6.6 21.0 2.4 46.0 9.0 2.0 5.5 0.3 0.0 2.1 0.0 0.1
˜ co
t 0.1 2.2 0.0 2.6 1.6 0.5 4.1 2.1 84.3 0.7 0.5 0.0 0.8 0.0 0.5
e wt 0.0 0.1 0.1 0.4 0.1 1.6 95.4 0.9 0.6 0.5 0.0 0.0 0.1 0.0 0.0
˜ xt 0.0 0.1 0.0 49.3 4.0 0.0 0.6 45.6 0.1 0.2 0.0 0.0 0.1 0.0 0.0
e md
t 7.6 4.9 0.0 7.9 43.9 0.2 11.5 2.0 7.3 4.5 0.0 0.0 10.0 0.0 0.0
e mx
t 0.3 2.6 0.0 37.7 25.5 0.0 3.2 28.8 0.3 1.4 0.0 0.0 0.2 0.0 0.0
˜ l d
t 8.8 3.8 0.1 1.6 50.4 0.4 15.7 1.2 3.8 5.1 0.5 0.0 8.4 0.0 0.0
˜ l x
t 0.2 3.8 0.0 21.6 23.1 0.0 19.7 24.7 0.1 6.4 0.2 0.0 0.0 0.0 0.0
˜ nt 0.5 1.6 0.1 2.1 5.3 0.0 22.3 6.1 0.5 3.0 0.2 56.3 2.0 0.0 0.0
˜ kt 0.0 0.0 0.1 0.0 0.1 0.1 0.2 0.0 0.1 0.2 0.0 0.0 45.0 0.0 54.3
˜ It 0.0 0.0 0.1 0.0 0.2 0.2 0.4 0.0 0.2 0.6 0.1 0.0 97.9 0.0 0.1
˜ bt 1.4 19.0 0.0 31.0 17.0 0.0 3.4 23.4 1.3 1.8 0.0 0.0 1.7 0.0 0.0
e Qt 0.4 0.6 1.8 1.5 5.2 19.0 3.4 2.3 1.6 7.7 13.9 0.0 36.7 4.3 1.6
˜ r k
t 4.5 1.1 0.1 16.7 50.9 0.7 1.7 15.3 2.7 2.5 0.3 0.0 3.5 0.0 0.1
P x
t 0.1 0.2 0.0 16.3 6.6 0.0 1.1 75.0 0.3 0.3 0.0 0.0 0.2 0.0 0.0
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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Table 12
Forecast error variance decomposition, model without adaptive learning t = 10 (ten quarters)∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ πt 0.4 0.2 49.4 1.2 4.4 26.2 3.8 1.4 3.5 1.5 0.2 0.0 7.4 0.0 0.4
ˆ πx
t 0.1 0.2 0.0 10.1 6.1 0.0 0.6 82.4 0.2 0.2 0.0 0.0 0.2 0.0 0.0
ˆ πw
t 0.1 0.2 4.2 0.8 1.1 0.0 88.8 1.4 1.3 0.9 0.1 0.0 1.1 0.0 0.0
¯ π∗∗
t 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
π∗∗∗
t 0.4 0.2 55.5 1.1 3.8 23.0 3.4 1.3 3.1 1.3 0.2 0.0 6.5 0.0 0.3
˜ qt 0.0 3.7 1.3 12.1 0.6 3.1 0.2 1.1 0.7 73.7 1.9 0.0 0.5 0.0 0.9
˜ et 0.2 3.5 0.3 5.8 2.4 1.2 2.7 2.9 1.2 72.9 2.0 0.0 4.7 0.0 0.3
d˜ et 0.0 1.0 0.3 3.3 0.2 1.2 0.3 0.4 0.3 87.6 4.5 0.0 0.5 0.0 0.2
ˆ ıt 0.5 0.3 0.6 1.1 5.1 19.0 9.1 2.9 7.4 12.8 22.9 0.0 17.6 0.0 0.7
˜ cno
t 1.3 2.3 0.4 4.5 14.0 2.1 57.1 8.3 2.0 5.1 0.3 0.0 2.5 0.0 0.1
˜ co
t 0.2 4.6 0.0 6.4 2.5 0.4 8.4 4.2 69.6 0.8 0.4 0.0 1.3 0.0 1.2
e wt 0.0 0.2 0.1 0.2 0.1 1.2 95.2 1.0 0.7 0.8 0.0 0.0 0.3 0.0 0.1
˜ xt 0.0 0.2 0.0 43.0 4.7 0.0 1.9 49.1 0.4 0.4 0.0 0.0 0.2 0.0 0.1
e md
t 6.3 5.9 0.1 8.2 36.6 0.4 15.1 2.0 8.2 4.7 0.1 0.0 12.5 0.0 0.1
e mx
t 0.3 3.0 0.0 34.5 23.7 0.0 4.0 32.7 0.3 1.3 0.0 0.0 0.2 0.0 0.0
˜ l d
t 7.0 3.1 0.2 1.3 40.1 0.3 28.5 1.1 3.7 4.2 0.5 0.0 9.9 0.0 0.1
˜ l x
t 0.2 3.2 0.0 17.7 17.6 0.1 31.9 22.9 0.4 5.7 0.2 0.0 0.1 0.0 0.0
˜ nt 0.3 1.2 0.2 1.2 2.6 0.0 34.5 4.6 0.3 2.2 0.1 50.8 2.1 0.0 0.0
˜ kt 0.0 0.1 0.2 0.0 0.2 0.2 0.7 0.0 0.3 0.8 0.1 0.0 64.9 0.0 32.5
˜ It 0.0 0.1 0.5 0.0 0.3 0.3 1.5 0.1 0.7 1.6 0.1 0.0 94.2 0.0 0.5
˜ bt 0.8 18.4 0.0 38.1 9.5 0.1 7.6 17.8 2.3 2.2 0.0 0.0 3.2 0.0 0.0
e Qt 0.2 0.5 1.3 0.9 3.4 10.8 4.7 1.9 2.4 7.1 7.8 0.0 55.2 2.4 1.3
˜ r k
t 4.2 1.0 0.2 15.7 47.7 0.8 2.0 17.6 3.2 2.9 0.3 0.0 3.7 0.0 0.6
P x
t 0.1 0.2 0.0 22.6 6.2 0.0 2.3 67.2 0.5 0.4 0.0 0.0 0.3 0.0 0.2
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt
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Table 13
Unconditional variance decomposition, model without adaptive learning∗
˜ gt e P m∗
t ˜ χt ˜ x∗
t











ˆ πt 0.1 0.1 83.6 0.4 1.3 7.6 1.3 0.5 1.1 0.5 0.1 0.0 3.2 0.0 0.2
ˆ πx
t 0.1 0.2 0.0 10.1 6.1 0.0 0.7 82.2 0.2 0.2 0.0 0.0 0.2 0.0 0.0
ˆ πw
t 0.1 0.2 17.9 0.6 0.9 0.0 75.8 1.2 1.2 0.8 0.1 0.0 1.1 0.0 0.0
¯ π∗
t 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
π∗∗∗
t 0.1 0.1 84.2 0.4 1.3 7.3 1.3 0.5 1.1 0.4 0.1 0.0 3.1 0.0 0.2
˜ qt 0.3 13.7 4.8 28.4 4.1 1.1 8.6 8.0 1.9 23.2 0.5 0.0 4.6 0.0 0.7
˜ et 0.4 6.2 0.6 8.2 4.0 1.4 11.9 6.0 5.1 39.7 1.1 0.0 13.1 0.0 2.4
d˜ et 0.0 1.0 0.3 3.3 0.2 1.2 0.3 0.4 0.3 87.3 4.5 0.0 0.8 0.0 0.2
ˆ ıt 0.5 0.7 0.6 1.8 4.8 17.5 8.6 3.0 7.0 12.4 20.6 0.0 21.3 0.0 1.4
˜ cno
t 1.1 3.3 4.8 6.6 12.2 1.9 51.2 7.8 1.8 4.9 0.2 0.0 4.0 0.0 0.3
˜ co
t 0.5 14.7 0.1 26.2 5.3 0.2 15.1 9.8 23.7 1.8 0.1 0.0 0.8 0.0 1.7
e wt 0.0 0.3 2.5 0.7 0.1 1.2 90.4 1.1 0.7 1.0 0.0 0.0 1.6 0.0 0.4
˜ xt 0.1 1.3 0.4 41.8 4.6 0.0 2.5 45.5 0.5 0.7 0.0 0.0 2.1 0.0 0.4
e md
t 4.3 10.4 0.2 17.7 26.0 0.3 14.5 5.5 6.4 4.3 0.0 0.0 10.0 0.0 0.3
e mx
t 0.3 3.3 0.0 34.5 23.4 0.0 4.2 32.4 0.3 1.3 0.0 0.0 0.3 0.0 0.0
˜ l d
t 6.7 3.0 0.9 1.3 38.4 0.3 30.0 1.1 3.5 4.1 0.4 0.0 10.1 0.0 0.2
˜ l x
t 0.2 6.5 0.2 21.6 15.2 0.1 28.8 20.4 1.0 5.2 0.1 0.0 0.6 0.0 0.1
˜ nt 0.3 3.2 0.9 5.3 2.8 0.0 33.9 5.0 0.6 2.2 0.1 43.7 1.9 0.0 0.2
˜ kt 0.0 0.5 13.9 0.2 0.5 0.4 3.9 0.5 1.7 3.1 0.1 0.0 61.4 0.0 13.7
˜ It 0.0 0.2 3.2 0.1 0.3 0.3 2.4 0.3 1.1 2.5 0.1 0.0 87.8 0.0 1.6
˜ bt 0.5 19.0 0.5 36.5 6.4 0.2 14.7 12.4 3.4 3.5 0.0 0.0 2.2 0.0 0.6
e Qt 0.2 0.4 1.1 0.7 2.8 9.0 4.1 1.6 2.1 6.1 6.5 0.0 62.1 2.0 1.1
˜ r k
t 3.8 1.4 0.4 15.2 44.1 0.8 2.5 16.5 3.2 2.9 0.3 0.0 7.5 0.0 1.5
P x
t 0.1 1.4 0.4 23.3 6.1 0.0 2.8 61.9 0.6 0.8 0.0 0.0 2.2 0.0 0.4
∗ Calculated at mean parameter values.
∗∗ d ¯ qt = −¯ πt in IT.
∗∗∗ πt = ˆ πt + ¯ πt.
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In this paper we presented an estimated two-sector dynamic stochastic general equilibrium (DSGE) small-
open-economy model for the Hungarian economy. The specialty of the model is that agents’ perception
on underlying inﬂation is made endogenous by a real-time adaptive-learning algorithm. In addition, the
monetary regime shift occured in 2001 is explicitely takin into account. The model is estimated by Bayesian
methods. Throughout the estimations we explicitely took into account the fact that there were two different
monetary regimes in Hungary.
The model’s special feature is that inﬂation to which rule-of-thumb price setters partly indexate is gener-
ated by an adaptive learning mechanism. In this model, agents’ perception on ’underlying’ inﬂation heavily
inﬂuences long term inﬂation developments.
According to the estimates the Calvo parameters of consumer prices are similar to those estimated for the
euro-area. On the other hand, nominal wage rigidities are less important in Hungary than in the euro-
area. An interesting result is that the change in monetary regime mostly inﬂuenced the price indexation
mechanisms in the economy. Less role for indexation in consumer prices are estimated for the inﬂation
targeting regime than in the previous crawling peg regime. Wage indexation parameters are estimated to be
relatively low compared to euro zone estimates.
Interest-rate smoothing parameter is found signiﬁcantly lower than the euro-area and US estimates. The real-
time adaptive learning process of underlying inﬂation works as an additional source of inﬂation inertia and
it is also important in the responses of real variables, as well. Adjustment cost of investment is found to be
higher usually found in the literature. This results in reactions of investment to shocks being close in magni-
tude of output or consumption. Comparing impulse responses with other DSGE models, monetary policy
and productivity shocks have qualitatively similar effect. The basic difference is that in this model invest-
ments are less responsive than usual in the literature. A crowding-out effect of a government-consumption
shock in the medium run is also found. Though, the presence of non-optimizer consumers create a weekly
Keynesian effect of ﬁscal shock in the short run.
Estimated impulse responses to an interest-rate shock was also compared to that of other estimated non-
DSGE models of Hungarian economy. The model produces similar real exchange rate response in the short
run, but we estimated a smaller consumer price adjustment in the longer run. Real responses were found to
be slightly different in this model.
According to variance decomposition, both the cyclical and the permanent (’underlying’) component of in-
ﬂation can be explained by productivity, investment, consumer preference and markup shocks. Unlike in
other estimated DSGE models estimated for disinﬂation periods, by introducing a simple learning scheme,
the model was capable to explain the disinﬂation process occured in Hungary. As suspected in a small, open
economy, real variables are highly inﬂuenced by external demand and productivity shocks in the long run.
Real effects of ﬁnancial premium and monetary-policy shock are negligible, which is in contrast with euro-
zone estimates of Smets & Wouters (2003). However, it conforms to the results of Vonnák (2007) and Jakab
et al. (2006) that monetary transmission mechanism in Hungary works less through the change in output.
As a robustness check the estimates of an alternative model without endogenous real time adaptive learning
of ’underlying inﬂation’ is also demonstrated. The estimated coefﬁcients in the baseline and in the alternative
model are found to be relatively close to each other. The degree of indexation of consumer prices is esti-
mated to be slightly lower in the alternative model indicating that the presence of adaptive learning is not
responsible for an ’intrinsic’ inertia in inﬂation. Impulse responses are more or less similar in different model
speciﬁcations. Slight differences can be found with respect to nominal wage reactions and consumer prices.
Wages behave in a more ﬂexible manner in the alternative model, while consumer prices generally respond
to a lesser extent in the alternative model than in the baseline model.
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However, variance decomposition shows that negliging information content of long-term movements of
inﬂation in a country with disinﬂation has serious consequences. It would lead to a model which can only
explain long term inﬂationary movements in a limited way. The exogenous shock (inﬂation target shock) is
responsible for a large part of inﬂation movements either in the short or in the long run.
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It can be expressed in the following way.
Ý mc
s
t + e At =
r k
mcs 


























Substitute formula (6) and (7) for the expressions in curly brackets,
Ý mc
s
t + e At =
r kks
mcs 












ys + ¯ fs
.














t − e At. (54)
Let us log-linearize (6),
˜ ks









ys + ¯ fs
˜ ys
t −(1−%)e At.
where it was used that g DP
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t + ˜ ut = %(1−αd)

e wzs
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where fs = ¯ fs/ys. According to equation (30) r k
t = Ψ0(ut). Log-linearizing this formula yields r k˜ r k
t =























which is identical to the log-linearized demand equations of (83) in section A.4. One can show the same way
























































. The Lagrangian is

























The ﬁrst-order conditions are
Wtl s







































































Substituting it back to the ﬁrst-order conditions results in
l s
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Substituting the above expression into the constraint of the minimization problem and rearranging it yields
















































which is equivalent with equation equation (9) in section A.1. Substituting Ks into equation (55) and (56)
yields the input demand functions,
l s




















































recall that wt =Wt/Pt and qt = Pt/et. The above two expressions are identical to equations (10) and (11) in
section A.1.
Deﬁne wzs =W zs


























As above, one can show that
e wzs
t = as e wt +(1−as)
























t ˜ zt = (zs)2Φ00
zs (zs) ˜ zt,
where the second equation is a consequence of the assumptions Φzs (zs) = Φ0
zs (zs) = 0. They also imply that
zs = 1. Hence,
˜ zs
t = (zs)2Φ00
z (zs) ˜ zs




t = as e wt +(1−as)
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t = as e wt +(1−as)
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˜ qt + e P m∗












These equations are equivalent with formulas (84) and (85) in section A.4, since
ys˜ ys







t ˜ zt = zs ˜ zs
t,
and ys = zs.
Price setting















































With some manipulations it is easy to show that Z 1


















































Similarly, one can show that Z 2
t can be expressed as in equation (16).





where ˘ πt = πt − ¯ πt −ϑd
 
πt−1 − ¯ πt−1

, πt = e Pt − e Pt−1 and ¯ πt = ˜ ¯ Πt. Equation (14) implies that
f Pt = e Z 1
t − e Z 2
t . (60)







t + ˜ yd
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Z 2 = (1−βγd),
hence combining expressions (60), (61) and (62) yields
















Formula (59) implies that
˘ πt = βEt[˘ πt+1]+ξd Ý mc
d





and ˜ υt = −ξd ˜ τd
t .
Formulas (54) and (57) imply that
Ý mc
d
t = αd˜ r k
t +(1−αd)ad e wt +(1−αd)(1−ad)





t − e At,
hence expression (63) is equivalent with the Phillips-curve equation (86) in section A.4.
As above, one can prove that the ﬁrst-order condition of price setting in the export sector can be represented
by expressions (19), (20) and (21). Using the log-linear versions of the previous formulas and that of equation
(22), it is easy to show that price setting behavior of the export sector can be described by
˘ πx∗





where where ˘ πx∗
t = πx∗








t = e P x∗
t − e P x∗
t−1, ¯ πx∗






t = −ξx ˜ τx
t .
The log-linear version of equation (18) is
Ý mc
x∗
t = Ý mc
x
t + e Pt −˜ et − e P x∗
t = Ý mc
x
t − ˜ qt − e P x∗
t .
Applying formulas (54) and (57) yields
Ý mc
x
t = αx˜ r k






˜ qt +(1−αx)φx˜ zx
t − e P x∗
t − e At.
Hence equation (64) is equivalent with formula (87) in section A.4.
A.2 OPTIMIZING HOUSEHOLDS
The representative household maximizes the objective function (23) subject to the budget constraint (24) the
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where λt and Qt are state dependent Lagrange multipliers and st denotes the state of the world at date t and
probt(·) is the appropriate conditional density function.
Due to the existence of asset X w
t the wage incomes of all households are the same. As a consequence, all
households choose the same solutions. Hence, index j is drooped from subsequent notations.






The ﬁrst order condition with respect to Bt takes the form of
βλt = (1+it)βt+1λt+1, (66)
where (1+it) = 1/PB

































is the stochastic discount factor.


































Equation (68) is equivalent with expression (29) in section A.2.
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The above equation is equivalent with expression (28) in section A.2.
Finally, the ﬁrst order condition with respect to ut is given by
r k
t = Ψ0(ut). (70)
This expression is the same as formula (30) in section A.2.
Log-linearization of formulas (67) and (70) is straightforward. Let us log-linearize expression (69). First,








Since, by assumption, ΦI(1) = Φ0




































where y = ηI
t+1,It+1,It. Since Q = 1 and ΦI(1) = Φ0
I(1) = 0 the log-linear version of equation (69) takes the
form of




































































The above expression is equivalent with equation (78) in section A.4.



















Q(1−δ)+ r ku −Ψ(1)
.
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The log-linearized version of equation (67) implies that
















− e Qt +
r k






The above equation is equivalent with formula (77) in section A.4.
A.3 WAGE SETTING
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This implies that all unions choose the same Wt(j) =W ?. Denote Wt =W ?
t /Wt, then equation (71) implies
formulas (36), (34) and (35) in section A.2.






ι f Wt = e Z w1
t − e Z w2
t ,
where ˘ πw
t = e wt − e wt−1 +πt − ¯ πt −ϑw( e wt−1 − e wt−2 +πt−1 − ¯ πt−1). Expressions (34) and (35) imply that
e Z w1






























¯ ωo (co)−σ ˜ co
t + ¯ ωno (cno)−σ ˜ cno
t
¯ ωo (co)−σ + ¯ ωno (cno)−σ ,




Z w2 = (1−βγw).
Combining the above expressions yields equation (88) in section A.4.
A.4 LOG-LINEARIZED MODEL
To solve the model we log-linearize it around its steady state. This section reviews the log-linearized model
equations. The tilde denotes the log-deviation of a variable from its steady-state value. Variables without
time indices represent their steady-state values.
A.5 PERCEIVED UNDERLYING INFLATION RATE
As mentioned, if one deﬁnes the cyclical component of inﬂation as ˆ πt = πt − ¯ πt, then the rela time adaptive
































where,ˆ ı = ˜ ıt−d¯ et, d¯ et isthepreannouncedrateofdepreciationofthecentralparityofthenominalexchange
rate (it is equal to zero in the crawling peg regime), and d ¯ qt = d¯ et − ¯ πt, we call it as the perceived underlying
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Log-linearizing equations (31) and (42) yields the following formula,
˜ cno
t = e wt + ˜ lt. (74)
Equation (32) implies that expression
˜ c p = e wt/2 (75)
describes the evolution of log-linear consumption of pensioners. Path of aggregate consumption is deter-
mined by





where ωj = c j ¯ ωj/c, j = o,no, p.
In Appendix A.2 it is shown that the log-linearized version of equation (29) is
Et









− e Qt (77)
+
r k





































Capital accumulation equation is standard.
˜ kt+1 = (1−δ)˜ kt +δ˜ It + ˜ "k
t . (79)
The log-linear version of the export-demand equation (40) is
˜ xt = hx˜ xt−1 −θx ˜ P x∗
t + ˜ x∗
t . (80)
Log-linearizing the equilibrium conditions (49) and (50) yields 10
yd ˜ yd
t = c˜ ct +I ˜ It + g ˜ gt + r kkdψ˜ r k
t , (81)
yx˜ yx
t = x˜ xt + r kkxψ˜ r k
t , (82)
recall that ψ = Ψ0(1)/Ψ00(1).
A.7 AGGREGATE SUPPLY














− e At, s = d, x,
k˜ kt = kd˜ kd
t +kx˜ kx
t . (83)
10 Equation (30) implies that Ψ0(1) = rk and ˜ ut = ˜ r k
t Ψ0(1)/Ψ00(1).
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where f s = ¯ f s/y, and the second line is a consequence of the third equilibrium condition of formula (51).
e wzs
t = as e wt +(1−as)





t, s = d, x.
˜ qt = ˜ et − e Pt,




ys + ¯ fs
, s = d, x,
and as is the steady-state share of labor in wzs, that is,
as =
wl s





˜ qt + e P m∗
t − e wt

+ ˜ zs
t, s = d, x,
l ˜ lt = ld ˜ ld










t, s = d,x,
m e mt = md e md














− e At, s = d, x,
and the equilibrium conditions of formula (51) are used again.
It is shown in Appendix A.1 that the Calvo price-setting rule with indexation to lagged inﬂation implies the
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where ˆ πx∗
t = πx∗
t − ¯ πx∗
t , πx∗
t = e P x∗











Wage setting in the model is based on similar assumptions as price formation. Appendix A.3 shows that the






















t − h˜ cl
t−1
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ωo (co)−σ−1 ˜ co
t +ωno (cno)−σ−1 ˜ cno
t
ωo (co)−σ−1 +ωno (cno)−σ−1 ,
furthermore,
ˆ πw
t = e wt − e wt−1 + ˆ πt. (89)
A.8 CURRENT ACCOUNT
Equation (43) implies that












t + e mt

, (90)
since it is assumed that b = 0, ˜ bt = bt/GDP∗, where GDP∗ = Pyd/e +P x∗x −P m∗m.
A.9 THE INTEREST RATE AND THE EXCHANGE RATE
We decompose nominal depreciation of the nominal exchange rate as
˜ et −˜ et−1 = d¯ et +dˆ et = d¯ et +ˆ et −ˆ et−1,
where d¯ et istheexogenouslygivendeterministicpartofdepreciationand ˆ et isthecyclicalpartofthenominal
exchange rate. In the crawling-peg regime we assume that d¯ et is the announced rate of the crawl, in the
inﬂation-targeting regime d¯ et = 0.
Uncovered interest rate parity with ﬁnancial premium shock can be expressed as





t + ˜ "
pr
t , (91)
following Schmitt-Grohe & Uribe (2002), it is assumed that ˜ ı∗
t = −ν˜ bt, this assumption ensures stationary of
˜ bt.
We assume that in the crawling-peg regime the main focus of monetary policy is determination of the rate
of crawl. Hence the behavior of cyclical part of the nominal interest rate is captured by the following simple
equation.
ˆ ıt = ζ cr
e ˆ et + ˜ "r
t , (92)
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where ˜ "r
t is an exogenous stochastic shock, and ζ cr
e > 0 ensures that ˆ et is stationary. Since the presence of
ζ cr
e is due to this technical requirement its magnitude is set to be negligible.
In the inﬂation-targeting regime the behavior of the monetary authority is captured by the following interest-
rate rule.











Recall that −d ¯ qt = ¯ πt in the inﬂation targeting regime. Again, the only role of ζ it
e > 0 is to ensure the
stationarity of ˆ et.
The domestic component of the real exchange rate is determined by the following identity.
˜ qt − ˜ qt−1 = dˆ et − ˆ πt +d ¯ qt. (94)
Finally equation (72) implies the following law of motion for d ¯ qt = d¯ et − ¯ πt,
d ¯ qt =
ρπ − g
1− g
d ¯ qt−1 −
g
1− g
ˆ πt + ˜ χt, (95)
where




is an exogenous shock.
A.10 COMPLEMENTARY EMPLOYMENT EQUATION
Since there is no consistent data available on aggregate hours worked in the euro area, we need to use em-
ployment instead. Hence, following Adolfson et al. (2005) and Smets & Wouters (2003), the model is com-
plemented by the following Calvo-type measurement equation for employment.












where ∆˜ nt = ˜ nt − ˜ nt−1, ˜ nt denotes the number of people employed at date t, and γn is a parameter and ˜ "n
t
is an error term.11
A.11 THE STEADY STATE
Variables without time indices represent their steady-state values.
The steady state of the model is calculated in two stages. First, given the values of β = 0.99, δ = 0.025,
θ = θd = θx = 6, pm∗ = P m∗/P = 1, e = 1, Smd
gd pd = 0.702 (the share of imports in value-added in sector d),
Smx
gd px = 1.237 (the share of imports in value-added in sector x), SI
y = 0.112 (the share of investments in total
output), fd = fx = 0.2 we calculate r k, ¯ αd, ¯ αx, ¯ ad, ¯ ax,w =W/P, κ = x/yd.
The steady-state value of the rental rate of capital is given by. r k = β−1 −1+δ.
11 Smets & Wouters (2003) applied ﬁrst a similar employment equation in their estimated model. The particular form of equation (96) is taken from
Adolfson et al. (2005). Equation (37) of Smets & Wouters (2003) is slightly different. It contains terms ˜ nt and ˜ nt+1 instead of ∆˜ nt and ∆˜ nt+1.
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Formula (9) implies that
wzd =






¯ axw1−%z +(1− ¯ ax)(pm∗)1−%z
 1
1−%z ,
where wzd =W zd/P, wzx =W zx/P.

















where mcd = MC d/P, mcx = MC x/P, r k = Rk/P.
Demand equations (6), (7), and (11) imply that






















































yd − pm∗md , Smx
gd px =
pm∗mx













where the last equality is due to the assumption that the steady-state debt of the country is zero.
One can use the above formulas to calculate the required quantities. It is important to note that the homo-
geneity of production functions imply that at this stage of calculations one does not need the level yd, hence
we set yd = 1.
The calculated steady-state values are ¯ αd = 0.330, ¯ αx = 0.259, ¯ ad = 233, ¯ ax = 146,w = 10.808, κ = 0.923.
In the next stage we take as given ωo = 0.75, ωno = 0.1625, ¯ c p = c p/c = 0.248, S g
y = g/y = 0.142, θw = 3,
and calculate the values of yd, co, c p, ¯ ωo, ¯ ωno.
In this stage we use the above steady-sate input demand equations, furthermore the following steady-state
labor demand
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derived form formula (10).





σ (ld + l x)ϕ,




















+(1− ¯ ωo − ¯ ωno)c p,




Using the above formulas it is possible to calculate the required steady-state values. If the estimated mode is
applied the numerical values are the following: yd = 14.616, co = 10.629, c p = 1.856, ¯ ωo = 0.528, ¯ ωno =
0.119. Given these values the steady-state values of the rest of variables can be calculated straightforwardly.
A.12 CONSTRUCTION OF THE KALMAN FILTER
This section describes the construction of the Kalman ﬁlter used for evaluating the likelihood function. The
rational-expectation solution log-linearized model can be express by the following time-varying-coefﬁcients
difference equations
Xt = PtXt−1 +QtZt, zt = Rtzt−1 +Et
Xt is the vector of endogenous variables12, Zt is the vector of exogenous shocks13 and Et is the vector
of innovations. In the crawling-peg period Pt = P cr, Qt = Qcr, where matrices P cr and Qcr are the
solutions of the system of equations 73)–(91), (94) and (96). While in the inﬂation-targeting period Pt = P it,
Qt = Qit, where matrices P it and Qit are the solutions of the system of equations (73)–(91) and (93)–(96).
The state-space form of the above difference equations is
Vt = TtVt−1 +GtEt,
where V 0














The observation equation is given by
St = HVt,
where St is the column vector of observed variables and H is a selection matrix. As Chapter 13 in Hamilton
(1994)shows, itispossibletouseaKalmanﬁlterderivedfromatime-varyingmodelforlikelihoodevaluation,
only if the time-varying parameters are functions of exogenous and predetermined variables. The estimated
AL versions fulﬁl this condition.
12 Namely, ˆ πt, ˆ πw
t , ˜ ct, ˜ co
t , ˜ cno
t , e wt, ˜ xt, e mt, ˜ lt, ˜ nt, ˜ kt, ˜ It, ˜ qt, ˜ et, ˆ ıt, ˜ bt, e Qt and ˜ r k
t .
13 That is, ˜ gt, e P m∗
t , d ¯ qt, ˜ x∗
t , e At, ˜ υt, ˜ υw
t , ˜ "c
t, ˜ "de
t , ˜ "
pr
t , ˜ "n
t , ˜ "I
t and ˜ "
Q
t in the crawling peg period, and ˜ "de
t is replaced by ˜ "r
t in the inﬂation-targeting
period.
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Following Koopman & Durbin (2003), the Kalman ﬁlter is generated by the following recursive formulas.
Ut = St −Hξt,
Ft = HPtH0,




Kt = T PtH0−1
t
Pt+1 = TtPt(Tt −KtH)0 +TtV T 0
t,
P0 and ξ0 are given. The matrixV is the variance-covariance matrix of Et. Series of the forecast error Ut and
the matrix Ft are used to construct the logarithm of the likelihood function. This is given by




















where N is the number of observed variables, and T is the number of time periods used for estimation.
To initialize the above algorithm we set ξ0 = 0, and P0 is the unconditional variance-covariance matrix of the
constant-coefﬁcient process,
Vt = T0Vt−1 +G0Et,
that is, using formulas (10.2.17) and (10.2.18) of Hamilton (1994), it can be expressed as
vec(P0) = (I −T0 ⊗T0)−1vec(G0VG0
0)
where symbol ⊗ represents the Kronecker product, and operator vec transforms a quadratic matrix into a
column vector by stacking the columns of the matrix one below the other, with the columns ordered from
left to right.
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B Data
We estimated the log-linearized model on the sample between 1995Q2 and 2007Q2. We used twelve data
series as observed variables. All data are quarterly, seasonally adjusted and imported from the database of
the November, 2007 version of the Quarterly Projection Model (NEM) of the Magyar Nemzeti Bank (Benk
et al. (2006)).
HP-ﬁltereddatawereusedinthecaseofGDP,capitalstock, employment, consumption, investments, export,
imports and real wages (private wages deﬂated by CPI inﬂation, WP/CPI in NEM) (λ = 1600). Consump-
tionisdeﬁnedasprivate’consumptionexpenditures’(CEintheNEM).Investmentscontainallprivateinvest-
ments(householdandcorporateinvestments-HI+CIinNEM).Governmentconsumptionequalstothesum
of public investments, government purchases of goods and services and transfers in kind (GC+GI+TRAN
in NEM). Employment is constructed as total (private plus public) employment. Capital stock is deﬁned as
private capital stock, excluded housing (KP in NEM).
Price inﬂation data were calculated by a two step method. In Hungary there is a trend difference between
non-traded and traded inﬂation caused by systematic productivity differential (Balassa-Samuelson effect) the
real exchange rate has an appreciating trend (see Kovács (2002)). Our model, however, does not have two-
sectors and thus unable to account for this, we ﬁrst ﬁltered out a trend (around 1.6 percent annually) from
inﬂation data (quarterly non-traded inﬂation was reduced by 1 percent), and then a ’Balassa-Samuelson’ ﬁl-
tered inﬂation series was calculated. As a second step we deduced the average nominal exchange rate change
and demeaned inﬂation data. By this transformation we ﬁltered out foreign inﬂation and the remaining trend
in real exchange rate. Nominal wage inﬂation is then real wages plus this type of transformed consumer price
inﬂation.
Export and import prices are deﬁned in foreign currency units, that is export and import deﬂators divided
by the nominal effective exchange rate of the Forint (PX/EFEX and PM/EFEX in NEM).



























 Indexation, cons. price, IT
C Metropolis-Hastings Monte Carlo graphs
red line: prior density, blue line: posterior density
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Figure 23
Standard errors of shocks





 S.E. export demand shock





 S.E. productivity shock





 S.E. cons. price markup shock





 S.E. labour market shock, crawl





 S.E. labour market shock, IT





 S.E. cons. preference shock





 S.E. financial prem shock, crawl





 S.E. financial prem shock, IT
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 S.E. equity premium shock



























 S.E. policy rule shock, crawl





 S.E. policy rule shock, IT







 S.E. employment shock





 S.E. investment shock
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Figure 24
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